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The Hot Mill Line at Shepcote Lane Rolling Mills Limited, 
Sheffield, the first wide Stainless Steel Strip 
Mill Plant in Britain to utilise coiling furnaces. The Davy-United 
35” . 72" Reversing Roughing and 27” and 53” - 48” 
Hot Finishing Mills are capable of rolling 8,000 Ib. slabs into 
strip up to 415" wide and down to 0.10" thick. 
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SHEFFIELD - MIDDLESBROUGH * GLASGOW 
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THE SKEFKO BALL BEARING COMPANY LIMITED - LUTON - BEDS. 








Colvilles 


developed 
for specific 


projects 


ABRAZO = Abrasion Resisting Steel. 

COLMO Creep Resisting steel. 

COLCLAD Stainless, nickel and ‘MONEL' clad Steels. 
CORTEN High strength Corrosion Resisting Steel. 
COLTUF Notch Tough Steels. 

DUCOL High Strength Weldable Steel. 


‘|COLVILLES 


FITNESS FOR PURPOSE STEELS 


COLVILLES LIMITED 195 West George St., Glasgow C.2 
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Arresting Refractories 


Arresting in function, for these are stoppers. 


Arresting in quality of manufacture too, 


DRY STORAGE UNTIL DESPATCH 
Wet refractories can cause 


like all casting pit refractories made by Wraggs 


wks under cover 


of Sheffield. 


Their family of products contains the breeding 


LADLE LINING Sess of years of specialisation, for Wraggs were 
NOZZLES © STOPPERS © SLEEVES 
TRUMPET GUIDES © TRUMPET BELLS pioneers in casting pit refractory manufacture. 
CENTRE & RUNNER BRICKS 


INGOT FEEDER TILES Today, they are one of industry’s largest suppliers. 


Wraggs of Sheffield i «i 9 aime 


THOS. WRAGG & SONS (SHEFFIELD) LTD., LOXLEY, NR. SHEFFIELD. TELEPHONE 343034 
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Brookhirst Igranic 
improved lifting magnets 
have been designed 
against a background 

of forty years’ experience 
of the needs of the 


iron and steel industry. 
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They guarantee: 

Maximum all-day handling capacity. 
Safe manipulation and quick release. 
Longer life due to solid impregnation. 


Economical operation. 


BROOKHIRST IGRANIC 


Sales Headquarters: BEDFORD WORKS - BEDFORD 
Works ot: BEDFORD and CHESTER 


Area Offices: Birmingham Bristol Cardiff East Anglia Glasgow Leeds 
London Manchester Mid-Southern Newcastle Nottingham Sheffield 


—_—— Belfast 
a | Makers of Britain's most rugged and dependable lifting magnets— 
Meta! Industries Group rectangular, circular, bi-polar, multi-polar—a range of over thirty. 
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| Seven similar units already 
| supplied or under construction 


Evoded 
30° x 56’ MILL 


for the Precision Skinpassing 


of Stainless Steel Strip 


Ke) Ww ENGINEERING COMPANY LTD. 
™°: BOURNEMOUTH ENGLAND 


May, 1960 
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RECYCLE WATER 
AT 135°F 
MAKE-UP WATER 


' . 
60 TON $--4------- 4 
OXYGEN Wot 
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Typical Flow Sheet for 60 Ton Converter 


120,000 CFM AT 
15S0°F 50 GPM H20 
EVAP. 


13 GPM 
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SOLIDS RECOVERY UNIT 


« 
SIX The recent installation of Chemico Venturi Gas Scrubbers at 


a major steel plant in Canada marks the sixth time Venturi 


converter Gas Serubbers have been used to prevent an extremely un- 


desirable source of air pollution —Iron Oxide Dust. Chemico 


2 e 
installations ‘enturt Scrubbers maintain leadership in the world’s steel 


industries because they offer wet scrubbing which allows non- 


prove explosive collection, efficiencies above gg", and extremely low 


maintenance, In addition no critical controls are required to 


maintain efficiency and the handling of dust is simplified by 


recovery in a dry form. Chemico Gas Scrubbers are ideally 


suited for Open Hearth Furnaces, Cupolas, Scarfing opera- 


tions, Sintering operations, and Electric Furnaces. For furthet 


information and a copy of a brochure giving full particulars, 








contact the Chemico Gas Scrubber Division: 


“4 Se 
ove %*s, 
<a 
cin On ca) 7 ¢o 


CHEMICAL CONSTRUCTION (G.B.) LTD. 9 HENRIETTA PLACE, LONDON, W.!. LANGHAM 6571 


A SUBSIDIARY OF CHEMICAL CONSTRUCTION CORPORATION. NEW YORK, U.S.A. 
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CLEAN AIR AND THE 
IRON & STEEL INDUSTRY 


JAMES HOWDEN & COMPANY 


announce that they have received a contract from 


THE SOUTH DURHAM 
STEEL & IRON CO. LTD 


covering the supply of 


GAS CLEANING PLANT 
FOR AN OXYGEN BLOWN OPEN 
HEARTH FURNACE 


This installation, which will be the first of its kind in the 
United Kingdom, comprises a Conditioning Tower (with 
automatic control equipment) to cool and humidify the 


gases, followed by a Howden/Lurgi Electro-Precipitator. 


The design is based on an existing similar Lurgi installation 
which has been highly successful in suppressing the dense 
brown iron oxide fumes from an L.D. converter on the 


Continent. 


Consult HOWDEN for GAS CLEANING PLANT for 
Blast Furnaces, Sinter Plants, 
Open Hearth Furnaces and Converters 


JAMES HOWDEN AND COMPANY LIMITED 
195 SCOTLAND STREET, GLASGOW, C.5, AND IS GROSVENOR PLACE, LONDON, S.W.1! 


HOWDEN 
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THE STEEL INDUSTRY 
HEAD WRIGHTSON 















TEESDALE IRONWORKS THORNABY-ON-TEES 
TEESDALE IRONWORKS THORNABY-ON-TEES 


COMMERCIAL STREET MIDDLESBROUGH 








for the 
STEEL 
industry 
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REFRACTORY CONCRETE 


Refractory Castables are poured and cast like structural Concrete, and being 
readily available are finding many applications, particularly for preparation ot 
special shapes at site. 


THERMAL MAXIMUM 
HOW TYPE OF 
SUPPLIED REFRACTORINESS cetting HARDENING TEMPERATURE 


Ibs. /Cu. Ft. 
TEMPERATURE OF USE 





Stein Refractory 
Concrete 


Stein Super 
Refractory Concrete 
No. 16 


No. 17 
No. 18 


Stein Chrome 
Concrete 


7 7 ° 9 , 
s@ OUT AAVISOrY Service DaASCG ON 7 fory field if can improve 
your furnace effi 


JOHN G. STEIN & CO. LTD. Bon 


; 


onnybridge, Scotland 
TEL: BANKNOCK 255 (4 LINES) 
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COLLIERY 
ARCHES 


FORGING 
BLOOMS 


SLABS 


STRUCTURAL 
STEELWORK 


Head Office 
FLEMINGTON, MOTHERWELL 


Telephone: Motherwell 347 
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AB Sticlvetite -plastic 
bonded to steel-has 


put a new face on the 
Graham-Enock Dairy Steriliser 


F 

SOMETHING NEW IN STE I Until recently steel always needed 
periodic repainting Byt not any more telvetite even arrives with a 
finished surface in Pre colour you choose 1 surface finish which lasts 
for ever. Stelveyfe’s permanent P.V.C. surface resists scratches, acids 
detergents ag@ time. Thus, in all manner of steel fabrication, Stelvetite 
Saves OPfexpensive surfacing processes 

It can be worked and welded as steel, comes in a wide range of plain 
or embossed surfaces and is used to fabricate, among other things 
lifts, doors, car panels, partitioning, furniture, kitchen equipment, walls 
and cladding—all of them colourful and permanent. Investigate 


Stelvetite. It may well save you a small fortune, or a large one 


1// enquiries about Graham-Enock Dairy Sterilisers should be made to 
Craham-Enock Manufacturing Co. Ltd., Stamford Hi/l, London, N.16 


STELVETITE—- made by John Summers & Sons, Ltd. 


who produce over 52.000 miles of sheet steel every year 





Write to us at Dept. J.S. Shotton, Chester, for full information 
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THE HEAVIEST SUBMARINE PIPELINE 
IN THE WORLD 


Forming a sewer outfall from the new town of Tema, Ghana, a pipeline 5,400 ft. long 
disc harges sufficiently far from the sho re to avoid beach contamination. 

The mile long submarine pipeline is the heaviest of its kind in the world, weighing about 
2,000 tons, and comprising 210 lengths of 27-inch diameter S&L steel pipes. These, 
after being welded together, were coated with anti-corrosion materials including enamel, 
glass-fbre and bitumen, with a six-inch protective coating of reinforce ed concrete. In 
addition, the pipe was cathodically protected. The inside of the pipe was lined with a 
machine-applied layer of bitumen-sealed cement mortar. 

The illustration shows the pipe on the launching wheelways: after floating the pipe into 


position, the pontoons were freed by skin divers. 


STEWARTS AND LLOYDS LIMITED 


GLASGOW + BIRMINGHAM - LONDON 


~~ 


S&L 
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BLAST FURNACES 
FOSTER HIGH GRADE SPECIAL 


Improved quality stack refractory with 
high abrasion resistance and resistant to 
carbon monoxide. 


FOSTER CROWN SPECIAL 


improved 42°, Alumina refractory for use 
in lower stack, bosh and hearth. 


FOSTER CARBON 


A proved refractory for use in bosh, well 
and hearth. Large blocks or standard 
bricks. 


HOT BLAST STOVES 
FOSTER CROWN 


For use in dome, inner combustion chamber 
lining, top side walls, top chequers 


FOSTER HIGH GRADE 


For use in lower chequers, main stove 
side walls. 


May, 1960 


* Foster ° is one of the great names in Blast Furnace refractories 

and Foster refractories (as listed) make an important contribution 
to the new ‘GR’ range of Blast Furnace refractories. This 
range offers users the widest available choice of new and improved 
products with which to combat the severe conditions of modern 
furnace operation. This outstanding advance is yet another 
example of *‘GR° research, enterprise and practical knowledge in 
action, one more of so many refractory developments which 
this organisation places at the command of the world’s 

iron and steel industry for even greater efficient and economical 
production 


HENRY FOSTER & Co. LTD. 


BACKWORTH, NEWCASTLE-UPON-7 YNE 


Member of the General Refractories 


Group 
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Trade Mark 


have made their mark! 


With this new mark, we, the Buell Organisation emphasise the name under 
which we have continuously operated in the United Kingdom and overseas 
since we were established in the United Kingdom in 1927. Buell was tirst formed 
to develop Patents relating to equipment for the preparation and burning of 
pulverized coal, but shortly after formation acquired the patent rights for “*Van 
Tongeren” Dust Collection Equipment and “Bittner” Dryers. As a result of 
our own extensive experience, supported by the continued co-operation of these 
associations, the name of BUELL has become the symbol of a first-class engin 
eering service in the solution of Industrial Drying and Dust Collecting problems. 
In 1954 as Buell (1952) Limited, we became a subsidiary of Edgar Allen & Co. 
Limited, Shetheld, and recently our name has been shortened to Buell Limited. 
In the field of separation and collection of dust we offer complete equipment 
with the Buell High Efficiency Cyclones fabricated in various types of construc 
tion to meet the particular conditions dictated by the requirements of many 
industries. Buell Drying Plants are well known for their application to the drying 
of a wide range of materials. It is our policy to make a special study of the various 
problems involved before selecting the design of Buell Dryer to suit the 

\ idual case. 

Under our new style “‘Buell Limited’’, we continue to offer the same high standard 
of service in the design, manufacture and erection of Buell Industrial Drying and 
Buell Dust Collecting Equipment based on extensive experience with the hundreds 


of plants now operating to our credit in the United Kingdom and overseas. 


BUELL-VAN TONGEREN BUELL-BUTTNER 
DUST SEPARATORS DRYERS 


BUELL LIMITED 


(a subsidiary of Edgar Allen & Co. Limited) 


THREE ST. JAMES’S SQUARE * LONDON S.W.1 


Telegrams: Allentare Piccy, London. Telephone: Trafalgar 2528 (3 lines) 
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when 

power 
transmission 
calls 

lor 


ABSOLUTE RELIABILITY ‘ 
HIGHEST EFFICIENCY | eo 
POSITIVE RATIO : 
INFINITE ADAPTABILITY Ne 4 — = 


UTMOST SPACE ECONOMY (iin 


OFF-THE-SHELF SERVICE (ayy 


Specify 


OT0GK UHAIN DRIVES 


up to 140 h.p. in a lety of ratio 








7 & e/ 
* 


MIDDLINGS 


~ 


THE —— COMPANY apni BRITAIN) LIMITED 


b ams: EVCOPPEE, NORPHONE, LO? 
P ; A = v 
COPPEE JUSE 140 PICCADILLY LASGOW: 121 DOUGLAS STREET. C2 


ephone: HYDe Park 680! NE WCASTLE-ON- TYNE : MANSION HOUSE CHAMBERS, THE CLOSE 
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Since classical time the HYDRA 
has symbolised persistent and 
unyielding opposition—like the 
repetitive resistance ofthe ‘many 
headed’ HYDRABRAKE system 
to the acceleration of railway 
wagons down an inclined track. 


By hydraulic restriction, 
HYDRABRAKES induce un- 
attended wagons to run down 
gradients at creep speeds by 
offering braking resistance 
proportional to vehicle speed. 


} } 
A> 
f 


defies gravity” ao 


the Mab 42) .7-\-).¢-\,¢ 8 for safe wagon control 


May, 1960 19 





OVER 300 CARS IN OPERATION 


IN VARIOUS PARTS OF THE WORLD 


MIXER CARS 
HOT METAL LADLE CARS 


@ HOT METAL MIXER CARS FOR THE SAFE AND 
ECONOMICAL TRANSPORT OF MOLTEN METAL 


@ LARGEST CAPACITY CARS ARE WITHIN STANDARD OTHER SPECIALITIES 
RAILWAY LOADING GAUGE 


@ HOT METAL CAN BE RETAINED IN PERFECT 

CONDITION FOR HOURS ) 
TYP ROTAR FLAME 

CAPACITIES FROM 75 TO 160 TONS a ne oe _ 


BURNERS MORGAN AIRJECTORS 
@ MINIMUM OF SKULL AND SCRAP LOSSES 


NASSHEVER CONTINUOUS BRIGHT 
@ MAXIMUM LIFE OF BRICKLINING PER TON OF ANNEALING FURNACES (Sole Licensees) 
HOT METAL 


MORGAN GAS MACHINES . SOAKING 
PITS (Isley Controlled) . MILL FURNACES 


THE INTERNATIONAL CONSTRUCTION CO. LTD. 


(Successors to Julian Kennedy, Sahlin & Co. Ltd) 


56 KINGSWAY . LONDON . W.C.2 
Telephone: HOLBORN 1871-2 Telegrams: SAHLIN, WESTCENT 2 LONDON 
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BARROW - KINNEY 


SELF - 
CLEANING 





Note these outstanding features— 

1. Simple pull, push cleans nozzle — no stop or dismantling necessary 

2. Full solid cone coverage over area much larger than normal 

3. Heavy cast iron and bronze construction —- moving parts grease packed — ensures long, trouble-free life 
4. Pressure range to 150 lbs P.S.I. — semi-fog and fog produced at high pressures 


For Gas Washers — Coke Quenching — Cooling Ponds — Acid Chambers ~ Air Washing and 


Humidifying 
Flushing Systems — Chemical Processing, etc. 


We will gladly demonstrate or supply further information 


BARROW IRONWORKS LTD 


P.O. Box No. § Barrow-in-Furness, Lancashire Telephone: Barrow 830 (5 lines Grams: Ironworks Barrow 


Blast Furnace Equipment Manufacturers - General Engineers - High Grade Haematite Pig Iron Makers 








TUALURREALELL 




















260 B.H.P. Diesel Mechanical Locomotive 
for the South Durham Steel & Iron Co. Ltd. 
Incorporating National Diesel Engine, Scoop Control 


Fluid Coupling, S.S.S. 3-speed Powerflow Gear Box. 


HUDSWELL, CLARKE 


AND COMPANY Oe ek eee 


1860-1960 100 years of Locomotive Building 


DESIGNERS AND BUILDERS OF STEAM, DIESEL MECHANICAL, 
DIESEL ELECTRIC, ELECTRIC AND BATTERY LOCOMOTIVES FOR ALL PURPOSES 


Locomotive Engineers, Railway Foundry, Leeds, 10 
Telephone: 34771 (6 lines) Cables: Loco, Leeds 


London Office: 14 Howick Place, Victoria Street, $.W.!. (Telephone: ViCtoria 6786) 
Telegrams: Hudclar, Sowest, London. Cables: Hudclar, London. 
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UNIFORM IN SHAPE... 
CONSISTENT IN TEXTURE... 


PROVED ON PERFORMANCE... 


in every shape 


and form 


‘OCTO’ Brand is the stable firebrick needed in exacting situations. 
It combines very high refractoriness with superior resistance to 
corrosive slag attack and to thermal shock — characteristics which 
contribute to its Outstanding success in reheating furnaces, open- 


hearth regenerator checkers and other high temperature zones. 


The Bonnybridge range also 
includes the NOVO brands. 
devised for the severest 
conditions, CALDER L for 
steel ladles, CALDER and 
BONNY BRIDGE BRAND 
for various furnace applica- 
tions and a number of 


cements and castables such 
as the BONCRETES 





BONN YBRIDGE SILICA & FIRECLAY CO. LTD. BONNYBRIDGE SCOTLAND 


Telephone: Bonnybridge 227 Telegram Silica’’ Bonnybridge 


May, 1960 




















another THORNTON contract 


This insulated Transfer Car is one from a large contract 
recently supplied to Messrs. Colvilles Ltd. They are fitted 
with removable covers and insulated for conveying two 20 tons 


hot ingots. The Transfer Cars are made to suit British Railways 
standard gauge. 


Ifit's a heavy engineering contract — Try Thornton First 


B. THORNTON LTD. 


Turnbridge, Huddersfield Telephone: Huddersfield 7541 
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WIRE RODS 


IN ALL QUALITIES OTHER 
- PRODUCTS 


OISTS ANGLES penne 
- FERRO-MANGANESE 
TUBE STEEL 


CHANNELS TEES — 





SASH AND GLAZING 
SECTIONS 


HAMMER-LOCK 
STRUTS 


MILD STEEL AND 
BALING HOOPS 


CABLE TAPE 


COKE OVEN 
BY-PRODUCTS 


IRON, STEEL 
AND NON-FERROUS 


LANCASHIRE STEEL MANUFACTURING COMPANY LIMITED wrote 


CONCRETE FLAGS, 
KERBS ETC 
(HEAD OFFICE:) 


Telephone: WARRINGTON Telegrams: ht 
LSM 








31222 LANCASTEEL 
WORKS: IRLAM & WARRINGTON 


London Office’ KINNAIRD HOUSE, PALL MALL EAST, S.W.1! - Telephone: WHITEHALL 7515 - Telegroms: LANCASTEEL, LESQUARE, LONDON 
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SOLVE 

YOUR 
FIXING 
PROBLEM 
WITH 
ONE OF THE 














BOLT FIXINGS 


With RAWLBOLTs a bolt fixing job is 
done in minutes, as against days by 
earlier methods. Simply drill the 
hole, drop in the RAWLBOLT, put 
into place the unit to be held, tighten 
up and the RAWLBOLT is ready to take 
the maximum load that the bolt, or 
the material into which it is fixed, 
will stand. 

For extremely wet or corrosive 
locations, use Rawlplug Caulking 
BOLT ANCHORS; for securing metal 
threads in masonry—RAWLTAMPS. 
Where fixing points can be pre- 
determined before pouring concrete, 
use CEMENT-IN SOCKETS, thus obvia- 
ting the need for hole-boring. 


SCREW FIXINGS 


For making neat, absolutely firm 
screw fixings in masonry, indoors or 
out, the famous RAWLPLUG is still 
vastly quicker and more efficient 
than any alternative method. Rawl- 
plugs are waterproof and quite 
unaffected by climatic conditions. 
They are available for all screw sizes 
up to }” diameter Coach Screws. 
For fixings that are to be subjected to 
high temperatures, or in under-water 
conditions, use WHITE BRONZE PLUGS 
with stainless steel or cadmium 
plated steel screws. For fixings 
subject to corrosive fumes or liquids, 
use Rawlplug LEAD SCREW ANCHORS 
with stainless steel screws. 











However tough or awkward the 
material into which you want to fix, 
or difficult the problem, there will 
be among the 21 TYPES OF RAWLPLUG 
FIXING DEVICES, the right answer. 
Speed and simplicity of application, 
reliability and complete security, 
coupled with the RIGHT solution to a 
problem, are the foundations of the 
RAWLPLUG FIXING TECHNIQUES. 

A comprehensive catalogue showing 
these fixings in detail, together with 
their application, will gladly be 


forwarded to you on request. 








CAVITY FIXINGS 


The RAWLNUT—an ingenious device 
for fixing into any hollow materials. 
Inserted and fixed from the outside, 
it forms its own anchorage within 
the cavity; and provides a vibration- 
proof, watertight and AIRTIGHT 
fixing. In addition a type can be 
supplied to give adequate protection 
to the screw IN THE CAVITY. 

SPRING TOGGLES make firm fixings in 
thin and structurally weak materials 
such as plasterboard, ceilings, etc. 
The wings of the device spring apart 
behind the material and spread the 
load. GRAVITY TOGGLES, for use in 
hollow wall materials, position their 
toggles by the action of gravity. 








THERE ARE 21 DIFFERENT TYPES OF 


FIXING 
DEVICES 


and an all-inclusive range of high performance 
hole-boring tools, hand or power. 


6667 


THE RAWLPLUG COMPANY LIMITED - 


CROMWELL ROAD - 


LONDON, S.W.7 
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: (S3 LAURENCE, SCOTT & ELECTROMOTORS LTD 


Thousands of L.S.E. floating-type motors have been 
supplied for run-out tables and similar applications 


during the last decade. 


This motor has special mechanical and electrical 
features (the latter particularly for low-speed and 
variable-speed drives) which are described in a new 


publication now available. May we send you a copy ? 


Ask for Publication | | 3/2, from Laurence, Scott & Electromotors 


Ltd., Publicity Dept., 376 Strand, London, W.C.2. 


LAURENCE, SCOTT & ELECTROMOTORS LTD. 


Electrical Engineers since 1883 
NORWICH 











in principal target areas, and Hunwick 

standard quality silica bricks in all 
. other areas. Keep the furnace campaign 
ZV a going full blast with silicas 


from West Hunwick. 


Fr When things are really hotting up you can 
Real bricks rely on Hunnex high duty silica bricks 
/ 


hot Ss Ot HUNNEX brand—high duty quality 
e@eee 


HUNWICK brand—standard quality 


WEST HUNWICK CONTROLLED REFRACTORIES 


THE WEST HUNWICK SILICA & FIREBRICK COMPANY LTO., Hunwick, Crook, Co. Durham. Tel Crook 200 
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Apply Rust-Oleum 769 Damp-Proof Red Primer 
Directly Over 
Sound Rusted Surfaces 


Just scrape and wirebrush the rusty 
metal to remove rust scale and loose 
rust—then brush Rust-Oleum 769 
Damp-Proof Red Primer directly 
over the sound rusted surface. The 
specially-processed fish oil vehicle in 
the 769 Primer penetrates through 
rust to bare metal. You save costly 
metal —and you usually eliminate 
costly surface preparation methods. 


Distinctive as your own fingerprint 
There is only one Rust-Oleum 


Manufactured in the U.S.A. and proved throughout industry for overj35 years 


Save Up To 40% In Re-Coating Metal Fences 
With Rust-Oleum’s Exciusive Extra-Long Nap 
Lamb's Wool Roller 


Roll Rust-Oleum right over the rusty 
metal fence with this new, different- 
type roller. Extra-long nap reaches 
right around wire to coat about 70% 
of the opposite side of the fence in 
One operation. Rolls smoothly even 
over barbed wire. Gets all of the 
material on the fence — not on the 
workers, not on the ground. Ask for 
a demonstration! 


RUST-OLEUM CORPORATION, 2718 OAKTON STREET! P.O. 


Also processed in The Netherlands, in exact accordance with the famous, original 


and exclusive Rust-Oleum formulations by 


RUST-OLEUM (NEDERLAND) N.V. 
Paul Krugerkade 10, P.O. Box 602, Haarlem, The Netherlands 


Excellent stocks for immediate delivery from 


MESSRS. STEDALL & CO., LTD. 


192-204 PENTONVILLE ROAD 
LONDON, N.1 


Rust-Oleum Galvinoleum® Coatings Really 
Stick To Galvanized Metal Surfaces—Without 
Etching, Without Weathering 


Proved throughout industry in the 
U.S.A. —this exclusive Rust-Oleum 
development eliminates “paint peel- 
ing problems” on galvanized metal 
Apply Galvinoleum over new or 
old, unpainted galvanized surfaces 
—without etching or weathering 
Available in four attractive colors 
Red, Gray, Green, Metallic. Perfect 
for gutters, roofs, siding, etc. 


-RUST-OLEUM 
i “4 


hore 


under the exclusive Rust-Oleum formula by 
BOX 32, EVANSTON, ILLINOIS, U.S.A 


ATTACH COUPON TO YOUR BUSINESS LETTERHEAD AND 
MAIL TO RUST-OLEUM DISTRIBUTOR SHOWN AT LEFT 


Gentlemen 


obi 


Please send me the following at no cost or 
gation 

Complete Rust-Oleum Catalog with actual color chorts. 
Sample of Rust-Oleum 769 Damp-Proof Red 
be applied directly over sound rusted surfaces. 


Free Test 
Primer to 
Complete information on Rust-Oleum Galvinoleum 
Cootings for galvanized metal surfaces 

Complete information on the 
Nap Lamb's Wool Roller 


Rust-Oleum Extra-Long 


[] Pleose hove your Representative call to demonstrate 


Rust-Oleum. 
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NO TIPPLING 
IN THE 
TIPPLER 
HOUSE 


VISCO 
N° 374 


Even VISCO can’t always deal with a thirst but we CAN deal with 
DUST. VISCO know about the economics of compulsory dust control 
and collection and are a mine of information for collecting at source. 


We make many types of collectors — ask us 


about them THE VISCO ENGINEERING 
CO. LTD., STAFFORD ROAD, 


CROYDON, Croydon 418] 
Dust Collectors 
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Announcing... 


DRAGONITE 


Electro-Zinec Coated 


STEEL SHEETS 








KR 


Vy AY 


THE STEEL COMPANY OF WALES LIMITED 


HOME TRADE ENQUIRIES: ABBEY WORKS, PORT TALBOT, GLAMORGAN 


Telephone: Port Ta/lbot 3161 Telegrams: Stee!, Port Talbot 





EXPORT ENQUIRIES: MARGAM HOUSE, 26 ST. JAMES'S SQUARE, LONDON, S.W.1 


Telephone: Trafa/gar 4300 Telegrams: Coldrold, Piccy, London 


Cables : Coldroid, London 











Terra-cotta Kylix Ancient 
Greek workmanship around 520 B. € 


Something special... 


The pride of the craftsman in his skill results 
in a perfection that is ageless. 
Here at Consett we are proud that time serves only 
to increase our reputation as producers of fine quality 
mild and special steels for particular applications. 
We have recently produced a most interesting and 
informative booklet — “Steels for the job” 


which we think you should read. May we send you a copy ? 


STEEL FROM CONSETT 


CONSETT IRON COMPANY LIMITED - CONSETT - CO. DURHAM 
Telephone: Consett 341 (12 lines) Telegrams: Steel Phone Consett 


Our Technical and Research Department will also welcome enquiries from any whose problem is 
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“That new Steelworks 





deserves a 
—~ John Smith Crane !” 


Special Service to Architects 
and Planning Surveyors 


Architects and Planning Engineers who are 
contemplating the incorporation of overhead cranes in 
new buildings or extensions are invited to write for our 
Tabie of Clearances, Weights, Wheel Loads, etc., for 


Standard E.0.T. Cranes. Advice on all lifting problems 


gladly supplied by our technical staff without obligation. YT “A, (7 
Van AN Tnh 
~ CRANES, 


JOHN SMITH (KEIGHLEY) LTD. P.O. BOX 21 THE CRANE WORKS KEIGHLEY YORKS 
Telephone: Keighley 5311 (4 lines) Telegrams: Cranes, Keighley 


London Office: Buckingham House, 19/21 Palace St, Westminster, London SW1. Southern Counties Office etteniiam House, Lancaster Place, London WC2 
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A brick designed 


to do one job perfectly 


This is the M.R.2 Blast Furnace refractory—a very at normal Blast Furnace operating temperatures. 
special brick indeed. It was developed for one This is a brick with a narrow market, but it is 
application—the lining of Blast Furnaces operating typical of the way the Chemists, Physicists and 
on lean ores~— with 100°, sinter—and driven hard. Engineers at Neston look upon the making of 
M.R.2 is an extremely hard, low porosity re- refractories -as a branch of precise chemical 
fractory to enable it to resist the abrasive effect engineering. Amongst the other things they make 
of the sinter. It is completely unaffected by with equal care are M.R.1 and M.R.60 bricks and 
carbon monoxide and is manufactured from special shapes: low-heat storage insulating refrac- 
very carefully selected raw materials prepared tories M.I.28, and the whole range of Tri-Mor 
and moulded under the most stringent control Mouldables and Castables for Monolithic linings 
with a final kilning at temperatures of the order which are having such a profound effect on all 
of 1600 C to ensure complete volume stability classes of furnace design. 


MORGAN 


efractories Ltd 


MORGAN REFRACTORIES - NESTON WIRRAL CHESHIRE - TELEPHONE: NESTON 1406 
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QUENCHING 


Let our experience be your guide 


The engineer must have the right quenching 
media for that particular steel or non-ferrous 
alloy. He can obtain expert advice on the 
most suitable product for the job by contac 
ting our Technical Sales Representative. o1 


by writing or ‘phoning us direct. 


We have a wealth of experience in solving 
these problems. and offer a selection of 
Quenching Oils and Salts to meet every day- 
to-day requirement Over a wide temperature 
range. Evco Quenching products are most 
economical in use. because they give CONSIS- 


tently satisfactory results 


A new publication on Quenching Media is 
now going to press. If you could usefully do 
with a copy when published, please write 


now, on your business heading 


It’s the *know-how’ on quenching that 
means SUCCESS 


€ Co. Ltd. 


Uniformity — Stability — Speed 


LEGGE STREET, BIRMINGHAM 4 


&, ’ INTERNATIONAL Works and depots at: Birmingham, Manchester 
&> MACHINE TOOL Liverpool, London (Southall), Bristol, Glasgow 
Y 
xXy Exhibition 1960 
Dye 


STAND = EMPIRE HALL 
604 2” FLOOR 


Olympia-London June 25-July 8 


In association with the Houghton group of companies all over the world 











May, 1960 








On the cupeden’ page we an the principal grades of OUR SPECIALLY TOUGHENED 
SG ROLLS and OUR SUPER METAL MOORALLOY ROLLS but each of these quality 
ranges are again subdivided to suit requirements. 


PLEASE CONSULT US SO THAT WE CAN ADVISE YOU 


The Koll Makews MOVED. Il 


TELEPHONE: SHEFFIELD 42018 EAGLE FOUNDRY, STEVENSON ROAD, 











ALLY TOUGHENED ALLOY SPHEROIDAL GRAPHITE ACICULAR RANGE | 


SGSXAC A Ver tough. SGSXAC B Tough and medium hard. SGSXAC C To si 
hard. SGSXAC Super C Tough and very hard. = 


SUPER METAL MOORALLOY RANGES 


The “SSX” Range of Tough Metal. “SSX”, “SSXM”, “SSXH”. 

The “XL” Range of Tough Medium Hard Metal. “XLM”, “XL”, “XLH”. 

The “XXL” and “XXXL” Ranges of Hard Superfine Close Texture Metal. “XXL”, “Super 
XXL” Hard Texture, “XXLAC”’, “XXXLAC”’, “Super XXXLAC” Acicular Flake. 


WOOLAYOOL) 16100) 


ATTERCLIFFE, SHEFFIELD,9 TELEGRAPHIC ADDRESS: CHILROLS SHEFFIELD 9 








known SUPER METAL MOORALLOY ROLLS for Continnoie Billet Mills. Idle time 
resulting from the need for redressing is reduced to a minimum thereby giving increased ton- 
nage. It is necessary to select the correct quality from the very wide range now available to 
suit the conditions and requirements in modern mill practice. 


On the opposite page we show the principal grades of OUR SPECIALLY TOUGHENED 
SG ROLLS and OUR SUPER METAL MOORALLOY ROLLS but each of these quality 
ranges are again subdivided to suit requirements. 


PLEASE CONSULT US SO THAT WE GAN ADVISE YOU 


The Koll Makers MOVED iit, 


TELEPHONE: SHEFFIELD 42018 EAGLE FOUNDRY, STEVENSON ROAD, 











plo by forthe Morgan Bilt, Skeper far and Sib Ml DUGAPUR, WEST 
BENGAL. 


S.G. RANGES 


SPECIALLY TOUGHENED ALLOY SPHEROIDAL GRAPHITE PEARLITIC RANGE 


SGSXA Very tough. SGSXB Tough and medium hard. SGSXC Tough and hard. SGSX 
Super C Tough and very hard. 


SPECIALLY TOUGHENED ALLOY SPHEROIDAL GRAPHITE ACICULAR RANGE 


SGSXAC A Very tough. SGSXAC B Tough and medium hard. SGSXAC C Tough and 
hard. SGSXAC Super C Tough and very hard. 


SUPER METAL MOORALLOY RANGES 


The “SSX” Range of Tough Metal. “SSX”, “SSXM”’, “SSXH”’. 

The “XL” Range of Tough Medium Hard Metal. “XLM”, “XL”, “XLH”. 

The “XXL” and “XXXL” Ranges of Hard Superfine Close Texture Metal. “XXL”, “Super 
XXL” Hard Texture, “XXLAC”’, “XXXLAC”’, “Super XXXLAC” Acicular Flake. 


WHOOMLWOOW 111d 


ATTERCLIFFE, SHEFFIELD,9 TELEGRAPHIC ADDRESS: CHILROLS SHEFFIELD 9 














for 


Steelworks 


Main Panel and Control Stations for the Main 
Motor Screw Downs and Coilers of single stand 


Reversing Mill. uriliaries, Steel Works, 
: F ; ; ’ ks, Rolling Mills, Sewag 
Supplied to The English Electric Co. Ltd., eS ey ee a ee 
Stattord, for Messrs. Graham Firth Steel Products 


| td . W alsall. 





May we have your enquiries for 


steel works automatic control gear? 


CONTACTOR SWITCHGEAR LTD. 
BLAKENHALL - WOLVERHAMPTON - ENGLAND 
Telephone: Wolverhampton 25911 /7 Telegrams : TACTORGEAR Wolverhampton 
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STAINLESS STEEL 


To keep in step with the expanding European output of stain- 
less steel we have kept adding to our smelting capacity of 
low carbon Ferro-chrome. Recent plant additions have in- 
creased the output by more than 100 per cent. Since technical 
developments in smelting favour lower carbon alloys than 
previously used our new facilities now in service have been 
engineered for large-scale production of extra-low carbon Of special interest to 


grades, the industry: 


Ferro-chrome and 
Scientific control of the processes enable us to maintain our ' ni 
Ferro-silico-chrome 
traditional guarantee of stable grades to close analyses. with : 
, in extra-low carbon 

narrow margins of C and Si. 


grades 


Your enquiries about our delivery schedules and competitive and other alloys for 


prices are cordially invited. stainless steel 


AB FERROLEGERINGAHR 


Stockholm 16, 
Telephone 23 51 30, 
Telex 1122 





HOLMES-WESTERN 


| 4” Holmes-Western Valve 
Typical of valves 
3” and 4° bore 





¥ Double discs give 
double security. 


* Maximum safety—venting or 
sealing by water or oil. 


¥ Full bore—unobstructed flow. 


¥* Reversible to gas flow 
and pressure. 


#% Manual, semi-automatic or 
fully automatic operation. 


* Cast iron body with stainless 
steel components. 


A comprehensive twenty page 
brochure can be had on request 
Ask for Publication No. 76) 24 


W.C.HOLMES & COLTD 


Chemical Engineering Division 
TURNBRIDGE HUDDERSFIELD 
Telephones: Huddersfield 5280 

London: Victoria 9971 Birmingham Midland 6830 


Gas 
Valves 


From 3” bore to 48" bore 


24° Holmes-Western Valve 
Typical of valves 14° to 48” bore 
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INSTRUMENTS AND CONTROLS FOR THE 


BASIC BESSEMER PLANT 
AT THE STEEL COMPANY OF WALES LTD. 


INSTALLED BY 


REAVELL-FAHIE LTD 


RANELAGH WORKS 
IPSWICH 
TELEPHONE: 52912 


May, 1960 








Reavell-Askania Regulators Instrument 
Panels. Complete Instrument and Control 
Schemes designed, installed & commissioned. 
Project studies and reports. 














WORKED WONDERS 
ctr 


FOR BALL BEARINGS... 


Vacuum melted steels are consistently free of inclusions 
and exceptionally clean. Steel for ball bearings treated 


ina vacuum furnace led to the following remarkable COULD A VACUUM FURNACE 


results: 


1. Bearing life consistently 100°, 200°, better DO THE SAME 


than usual standards for normal temperature 
operations 
Bearing life consistently up to 600°, longer FOR YOUR PRODUCTS ? 
for high temperature, high speed applications 
3. Up to 90°,, reduction in bearing race rejects 


Would metals with such characteristics make your pro- 
duction better? Wild-Barfield—NRC vacuum melting 
furnaces enable you to develop materials specially 
suited to your needs. Backed by the experience of the 
National Research Corporation, who have built and 
operated more high vacuum furnaces than any other 
company in the world, Wild-Barfield NRC vacuum 
equipment covers most needs. Write for details of the 
range 


Peed 


Model 25558 Vacuum Induction Model 2705 Non-Consumable Arc 
Furnace with melting capacity of Skull Furnace with a capacity of SO 


WILD-BARFIELD—NRC EQUIPMENT INCLUDES: eee Saeed 


capacities of vacuum arc furnaces have capacities of 
3.000 pounds 8 to 10,000 pounds of titanium 


VACUUM INDUCTION FURNACES 
VACUUM ARC FURNACES 
VACUUM RESISTANCE FURNACES 
VACUUM ANALYSING EQUIPMENT 
HIGH VACUUM DIFFUSION PUMPS 


LABORATORY VACUUM FURNACES 


for all heat-treatment purposes 


WILD-BARFIELD ELECTRIC FURNACES LIMITED 


WB 86 
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THE 
NOURISHING 
GAS 


TO THE CHINESE 
OXYGEN IS THE NOURISHING GAS 


To steelmakers in Britain and elsewhere, 
benefiting from the introduction 

of new oxygen steelmaking processes, 
the name couldn't be more apt 

Oxygen is being increasingly used in 

the iron and steel industry. A converter 
furnace, employing oxygen for the 

blast instead of air, not only makes 

steel quicker than any other furnace, 

it produces steel of improved quality 

as well. Use of oxygen also enables 

the design of converter furnaces of 

much greater capacity, which means an 
installation of lower cost for any given 
output tonnage. Similar benefits 

accrue with any other steelmaking furnace. 
Faster production, better quality, reduced 
capital costs—strong nourishment 

in any language. 

The design, engineering and supply of 
oxygen steelmaking plant up to complete 
melting shops is the main concern of 
Davy United’s Steel Processes Division. 
In support of these services, the 

Division offers metallurgical, technical 
and economic surveys to help any 
company planning a new steelmaking 
development. 


STEEL PROCESSES DIVISION 


SHEFFIELD, ENGLAND 





NWobUux Gréasé. is a \ithium-base 
lubricant of excellent structural stability and 
purity. It is a new, general-purpose grease 
Ssuperseding conventional greases. It provides 
effective lubrication for the majority of grease 
applications over a temperature range from 
minus 20°F to 250°F. It is exceptionally resistant 
to water washing and contains special 
additives to prevent rust formation. Both in 
the laboratory and in the field Mobilux Grease 
has proved its outstanding efficiency as a 


lubricant and protector. 


MOBILUX 
GREASE 


ECONOMY, SERVICE indUSTRIAL LUBRICANTS 
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SINTER 


for it is typical of the plants HH are building for steel- 
works at home and abroad. Each one is designed to make 
the finest grade sinter by accurately proportioning the 
available raw materials while keeping running costs down to 
a minimum. 
Built for Shelton Iron & Steel Ltd at Stoke-on-Trent, this 


The Igniter 
Sinter Process Control Desk 


The Sinter Strand 


PLANT... 


plant was designed to suit the particular needs of this well- 
known steel company. 

Associated in the USA with Koppers Company Incorporated, 
our other specialities include Ore Dressing Plants, High 
Intensity Magnetic Separators, Herreshoff Furnaces and 
Badische Turbulent Layer Roasters 


CONTINUOUS SINTERING PLANTS BY 


Huntington, Heberlein & Co. Ltd © 


Simon House, 28-29 Dover Street, London, W.1. Telephone: Hyde Park 8191. Telex: 2-3165. Telegrams: Innovation Wesphone London Telex 


Commonwealth Representatives 
HH29 | Simon-Carves Ltd: Calcutta 


Simon-Carves (Africa) (Pty) Ltd 


Johannesburg Simon-Carves (Australia) Pty Ltd: Botany, N.S.W. 


Simon-Carves Lid: Toronto 





can you 
afford 
your 
centrally 
heated 


With rising production costs it’s hardly likely. The people to see are 
Spencer-Bonecourt-Clarkson who for over forty years have been experts in 
waste heat recovery for steam raising in a wide range of industries. In addition 
to fire-tube boilers, S-B-C now also supply water-tube boilers. 

The vigorous approach of S-B-C technicians leads them into many fields of 
enquiry. They are experts on latent cooling techniques as applied to door frames 
and other parts of open hearth furnaces, and to the skids of reheating furnaces. 
Keeping abreast of the latest developments in the Steel and other industries, 

a team of S-B-C engineers recently toured Germany and other continental 
countries to inspect the newest techniques. 

S-B-C are the people best equipped to advise you and to act for you in the 
recovery of waste heat. Write or ‘phone today —time spent now can save you 
pounds for years to come. 


SPENCER-BONECOURT-CLARKSON LTD Leaders in Waste Heat Recovery 


A subsidiary company of Babcock & Wilcox Ltd 
28 EASTON STREET - LONDON - W.C.1 * Telephone: Terminus 7466 
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 SBCY 





Orkot 
Rolling Mill 
BEARINGS 


nN Service 
in the mills of 
The United Steel 


Companies Limited 


have 


> LOW FRICTION COEFFICIENTS... 
and 
%* IMPROVED WEAR RESISTANCE... 
leading to 
% POWER SAVINGS... 
and 


% LONG BEARING LIFE 


Enquiries to :— 


UNITED COKE AND CHEMICALS COMPANY LIMITED 
(SALES DEPARTMENT 252) P.O. Box 136, Handsworth, Sheffield 13. 


EUCCa Telephone: Woodhouse (Sheffield) 3211 Telegrams: ‘Unichem’ Sheffield 














MEMICALS FROM COAL J 
O2 





U.S. to get an 


eye-opening look at 


Britain’s modern steel industry 


NEW YORK in June. That’s when Americans will 
be rolling up in their thousands at the British 
Exhibition. And there they'll see an eye-opening 
display of what Britain’s steel industry can do. 
Britain led the world in creating plentiful low-cost 
steel. It was an Englishman, Bessemer, who by 
inventing his ‘‘converter’’ turned steel from a 
rarity into an everyday necessity. 

Another Englishman, Brearley, discovered stain- 
less steel. 


But the accent will be on the modern developments 


that are putting Britain right in the forefront of 


steelmaking progress. 

One of the highlights of the Exhibition will be 
‘Ajax’, a new type of British steel furnace that is 
giving record outputs, 50°, above normal. ‘Ajax’ 
‘urnaces breathe in oxygen and yield top quality 
steel in prodigious quantities. Up to 5,000 tons per 


week and more—from a single furnace! 


New alloy steels have been developed for use in 
atomic reactors—including boron steel, which 
absorbs neutrons. As originally made, boron steel 
was too brittle to shape: but British steel scientists 
overcame this difficulty. 

Visitors to the Exhibition will learn about some of 
the superb things made nowadays with British 
steel, from sports cars to radio telescopes and 
from precision tools to jet engines. The steel 
industry will show the vital contribution it is 
making to Britain’s present-day prosperity. 


A feature on the steel industry’s display in New York 
forms part of the British Iron and Steel Federation’s 


“Spring Report to the Nation’’. 


The British Iron and Steel Federation, Steel House, Tothill Street, London, S.W.1. 


ATOMIC REACTOR ASSEMBLY AT DOUNREAY, Scotland, 
described as “‘the most complicated stainless steel 
vessel ever made’’. This and other British steel 
triumphs will be featured at the British Exhibition, 
New York, in June. 
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MR. LOMAN WELCH, first hand 
melter at the Applebyv-Frod 
ham works of United Steel Scun 


» to New York to 


the Ajax 


i-breath- 


‘AJAX’ STEEL FURNACE P 


May, 1960 





The New, Tough 
MARSHALL 


5 
iS 
eS 
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IR 
Slr 
oN 
“SS 


e 
5 


AD, 
a 


SPALL RESISTANT 


STOPPER 
END 
otters EXTRA Relabili 


The focal! point of teeming. The Stopper End. Subject to 
thermal shock, intense wear by liquid steel and severe 
mechanical stresses at high temperatures. No half 
measures with stoppers—they work or fail. 


Resulting from years of development work Marshalls 
now present their “SR’’ quality. Already acclaimed and 
well-known in the biggest ladles of the major integrated 
plants, “SR’’ is equally satisfactory in the steel! foundry 
and when teeming the smaller ‘special’ steel charges. 


“SR”’ is highly refractory, accurately shaped—and tough. 
Consistently better and COSTS NO MORE. 


LADLE BRICKS - SLEEVES - STOPPERS & NOZZLES - TRUMPETS & PIPES - CENTRE BRICKS & RUNNERS MOULD HEAD BRICKS 


IVA CAVERYS SFA AVL SL: 


REFRACTORIES 


THOMAS MARSHALL & CO. (LOXLEY) LTD cy LOXLEY © SHEFFIELD Tel: 343844/5/6 


One of the MARSHALL REFRACTORIES GROUP of Companies 


™39 
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look al the 7 record! 


Well 


WILLIAM 


PRESS 


and Son Limited 


e 
o>—<s 


ESTABLISHED 
m3 


iy 


22 QUEEN ANNE’S GATI 
TEL: WHI 573! 
PARL, LONDON 
LONDON 
20 lines 
TELEX 


WESTMINSTER 
8 lines 


LONDON swi 


TELEGRAMS: UNWATER, 


LANE rOTTENHAM 


TOTTENHAM 3050 
rOTPRESS, LONDON, 


TELEX: NO. 25365 


I 


WILLOUGHBY 


N.17 TEI 
TELEGRAMS 





Electrical Atds in Industry 


Dielectric Heating -2 


The ability of dielectric heating to generate heat 
through the mass of a suitable material provides 
the following considerable advantages over other 
heating methods. 


1 A body of uniform section and composition is 
raised in temperature uniformly throughout. Hence 
there is no waiting for heat to be transferred from an 
external heat source to the surface of the body and 
thence to its interior, and this is of particular ad- 
vantage when the body is thick, and, as is often the 
case with dielectric materials, has poor heat- 
conducting properties. 

2 The rate of heating of such bodies is, therefore, 
much faster than by external heating methods. 

3 Since there is no external heat source, overheating 
or burning of the surface of a heat-sensitive material 
is avoided. 

4 High thermal efficiency is achieved. 

§ The amount of heat generated in the work is 
usually predictable and power input and heating 
time can be under positive control. 

6 Production can start immediately after switching 
on and no current is used, nor heat lost, during 
periods of shut-down. 

7 Vastly increased productivity is obtainable with 
less labour (usually unskilled), and fewer machines 
and less floor space are required. 

8 Flexibility of layout makes it possible to plan the 
factory to best advantage, as dielectric heating 
equipment can usually be inserted directly into 
the production line. 


Dielectric heating: typical application data 
Radio frequency 
power 


Up to1 kW 


Typical application Frequency 


‘Thermoplastic 
welding. 
Plastic pre-heating, 10-40 Mc.p.s. 

wood glueing. 

Plywood manufacture, Above 30 kW 
Note: 1 Mce.p.s. I,000,000 cycles per second. 
A few of the industrial applications of dielectric 

heating are briefly described below. 


20-100 Mc.p.s. 
2-30 kW 


2-10 Mc.p.s. 


Preheating Thermosetting Plastics 

Dielectric heating is the ideal way of preheating 
moulding powder pellets used in the production of 
thermosetting plastic mouldings, since these ma- 
terials are generally poor heat conductors. Properly 
applied, dielectric preheating promotes faster curing 
and hence a shorter moulding time, often increasing 
production ten to fifteen 
times. There is a marked 
reduction in tool wear, and 
thicker sections can be ie 
moulded, as the material is F 
plastic when placed in the ae 
mould. There is less a 
damage to, and movement => 
of, metal inserts. 








Welding of Thermoplastic Materials 

An important and extensive application of dielectric 
heating in the plastic industry is the welding of 
thermoplastic sheets in the fabrication of such 
commonly used articles as raincoats, hoods, hand- 
bags, pouches and packaging materials. Dielectric 
heating is the only method which can usefully be 


Data Sheet No. 11 


employed since the heating electrodes, and hence the 
outside sheet surfaces remain cool while the inside 
surfaces forming the joint are fused, and a perfect 


weld results. 

Two or more thermo- 7 | 
plastic sheets are welded Y 
under pressure from elec- ———=~__, 4¥) 
trodes suitably shaped to —— 
the area of weld required, => = 
the current being switched = $ 
on at the same time as pressure is applied, and off as 
soon as the weld is completed and the pressure 
released. Stitching is thus eliminated and a far 
stronger joint achieved. 








= 


In most cases, component pieces are first cut from 
patterns and preliminary welding carried out to 
attach any fastening tabs and the like. The pieces are 
then brought together in a suitable loading frame 
and the main welding carried out to produce the 
complete article. In some cases, a suitably profiled 
electrode can be fitted with a knife edge to cut the 
sheets immediately outside the weld line, welding 
and pattern cutting being thereby carried out in the 
one operation. Dielectric welding can be applied 
also to very large thermoplastic products such as 
linings for swimming pools, and cinema screens. 


Drying 

Drying of materials by dielectric heating has the 
great advantage that the material tends to dry out 
from the centre, the reverse of what happens when 
external heating methods are employed, and the risk 
of overdrying and overheating of the surface is 
eliminated. In general § to I unit of electricity is 
required to drive off 1 lb. of moisture, depending 
upon the thermal properties of the material being 
dried. While the removal of large amounts of water 
from inexpensive commodities may sometimes be 
uneconomical, dielectric heating in the production 
line often leads to a higher overall production 
efficiency. It is valuable for removing final moisture 
traces and becomes increasingly economical as the 
value or heat-sensitivity of the commodity increases. 


Rubber 

External heating tends to dry and cure the surfaces 
of a thick latex mass before its centre, but dielectric 
heating properly applied promotes uniform con- 
ditions throughout. 

Loaded rubber may not heat uniformly in a di- 
electric field due to uneven dispersion of its load, 
but nevertheless rubber preforms loaded up to 
about 15°, are preheated dielectrically to reduce 
moulding times appreciably, the temperature 
evening out in the mould to give uniform curing. 


Further examples are given in Data Sheet No. 12. 


For further information get in touch with your 
Electricity Board or write direct to the Electrical 
Development Association, 2 Savoy Hill, London, 
W.C.2. Telephone: TEMple Bar 9434. 

Excellent reference books on electricity and 
productivity (86 each, or 9- post free) are 
available — “ Induction and Dielectric Heating” 
is an example. 

E.D.A. also have available on free loan in the 
United Kingdom a series of films on the industrial 
uses of electricity. Ask for a catalogue. 


CUT HERB 
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Bold Power Stat 


Contractors ; Chas A Critchley (St 


Prevent CORROSION 


Zinc Chromate Primer and Epilux 1. 


... two outstanding anti-corrosive coatings 


widely used throughout industry, protect steelwork at Bold Power Station 


ZINC CHROMATE PRIMER: A water- 
resisting medium, ensures maximum 
defence against corrosion on non-ferrous 
metals. Cheaper than red lead, it spreads 
further and more easily, dries faster and 
harder ; good storage life, easy. to mix. In 
yellow, green and red. 


o. CING GHROMATE 


Yay go 
PV, save 
ot Fafa) BE 


EPILUX 1: This air/drying enamel is based upon 
Epoxy resins. It possesses remarkable flexibility and 
abrasion resistance. In addition Epilux | has shown 
exceptional ability to withstand the attack of alkalis and 
mild acids ... good resistance to water, excellent 
adhesion. Superior to traditional gloss paints in heavily 
chemical laden atmospheres 


PRIMER “fs ESP eUXel| 


Bayne BRITISH PAINTS LIMITED Industrial Maintenance Division 


wt 


PORTLAND ROAD, NEWCASTLE UPON TYNE, 2. NORTHUMBERLAND 


Belfast, Birmingham, Bristol, Cardiff, Glasgow, Leeds, Manchester 


HOUSE, 303-306, HIGH HOLBORN, LONDON, W.C.i. 31, WAPPING, LIVERPOOL, |. 


. Norwich, Plymouth, Sheffield, Southampton, Swansea, and al! principal towns 









NEWTON CHAM 





RGAPUR 


SHOP ASSEMBLY OF 800 TON HOT METAL MIXERS 


Newton Chambers, under contract to Wellman, 
Smith Owen Engineering Corporation Limited, 
have supplied the following equipment for the 
Indian Iron and Steel Works at Durgapur. 


BOGIE TYPE INGOT CASTING CARS WITH ALL WELDED BODY 


* 90 Ingot Casting Cars. 
* 65 Charging Box Bogies. 
* 260 Charging Boxes. 


* 2 x 800 ton capacity Hot 
Metal Mixers. 


* Structural steel work for 
6 x 150 ton Ladle Cranes. 


The orders were completed well ahead of schedule. 


CHARGING BOX BOGIES COMPLETE WITH CHARGING BOXES 


NEWTON CHAMBERS 


ENGINEERING DIVISION - THORNCLIFFE - SHEFFIELD 


BERD 


. 











Europe, too, 
takes its materials handling 
problems to G.E.C. 





bie, 


ow 


over the worl 
Belgium, Italy 


They 


OF ENGLAND 


THE GENERAL ELECTRIC COMPANY LIMITED OF ENGLAND 
FRASER & CHALMERS ENGINEERING WORKS. ERITH. KENT 


Designers and manufacturers of complete materials handling plan 


May, 1960 





in the heat of the 
moment 


Silastomer insulated cables 
are manufactured by 


ASSOCIATED ELECTRICAL 
INDUSTRIES (WOOLWICH) LTD 


BRITISH INSULATED 
CALLENDER’S CABLES LTD 


ENFIELD STANDARD 
POWER CABLE CO LTD 
GREENGATE & IRWELL 
RUBBER CO LTD 

W.T. GLOVER & CO LTD 
JOHNSON & PHILLIPS LTD 


PIRELLI-GENERAL 
CABLE WORKS LTD 


RIST’S WIRE & CABLES LTD 
STERLING CABLE CO LTD 


ST. HELENS CABLE & RUBBER CO LT 
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Hot gases billowing into the air furnaces searing the 
surroundings . . . molten metals pouring from crucibles. . . 
conditions such as these are certain indications of the need for 
SILASTOMER*® insulated cables. 

Providing continuous long term operation in ambient tempera- 
tures up to 200 C, cables insulated with SILASTOMER silicone 
rubber are being specified more and more for complex 
industrial installations. They are resistant to low pressure 
steam, water, weathering and many chemicals and will with- 
stand corona discharge. Glass braided silicone rubber cables 
will continue to function efficiently through and after the 
outbreak of fire. 

These are the reasons why, in 1956, the Admiralty 
decided to use silicone insulated cables in all new ships of the 
Royal Navy and why this insulation was chosen for the cables 
in such important installations as the House of Commons. In 
many domestic appliances, too, SILASTOMER insulation is used. 

These are the reasons why, when ambient heat and fire 
hazard are major considerations, you should always specify 
SILASTOMER insulated cables. 


(MS) MIDLAND SILICONES LTD 


ciated with Albright & Wilson Lid & Dow Cornin 


first in British Silicones 
68 Knightsbridge - London - SW1 - Telephone : Knightsbridge 7801 


AREA SALES OFFICES: Birmingham, Glasgow, Leeds, London, Manchester 
Aigents in many untries 
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Hot gases billowing into the air . . . furnaces searing the 


surroundings . .. molten metals pouring from crucibles .. . 
conditions such as these are certain indications of the need for 
SILASTOMER® insulated cables. 

Providing continuous long term operation in ambient tempera- 
tures up to 200 C, cables insulated with SILASTOMER silicone 
rubber are being specified more and more for complex 
industrial installations. They are resistant to low pressure 
steam, water, weathering and many chemicals and will with- 
stand corona discharge. Glass braided silicone rubber cables 
will continue to function efficiently through and after the 
outbreak of fire. 

These are the reasons why, in 1956, the Admiralty 
decided to use silicone insulated cables in all new ships of the 
Royal Navy and why this insulation was chosen for the cables 
in such important installations as the House of Commons. In 
many domestic appliances, too, SILASTOMER insulation is used. 

These are the reasons why, when ambient heat and fire 
hazard are major considerations, you should always specify 
SILASTOMER insulated cables. 
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Photo by courtesy 
of Messrs. Thos. Firth 
& John Brown Ltd. 


We also manufacture: 

OVERHEAD TRAVELLING CRANES 
STRIPPING CRANES 

SOAKING PIT CRANES 

LADLE CRANES 

CHARGING MACHINES 


— ADAMSON-ALLIANCE Co. Ltd. 


Head Offices: 165 Fenchurch Street, London, £.0.3. Tel: MANsion House 1626 
Incorporating the Steelworks Divisions of 


JOSEPH ADAMSON & CO. LTD - HYDE - CHESHIRE 
THE HORSEHAY CO. LTD - WELLINGTON + SALOP 








BRITISH STEEL 


AT ITS 


BEST 


_ CARBONS UP TO 1.0% 
\ DEEP STAMPING 
AND 
/ RIMMING 
FREE CUTTING 
LEAD BEARING 


JOHN LYSAGHT'S SCUNTHORPE WORKS LIMITED 
NORMANBY PARK STEEL WORKS, 
i SCUNTHORPE, LINCOLNSHIRE. 


<l Tele. 2271 ( Tlines) 


og io, an 





























LEADERS IN THE FIELD 





... and still in the foretront 


UNION CARBIDE, leaders in the manufacture of alloy 
additive briquettes, provide the finest technical and advisory 
service available today 

Backed by years of research and development UNION 
CARBIDE studies minutely every individual problem 
application and contingency to provide the most efficient 
and economic production of all grades of cast iron 
Prompt delivery and after-sales-service, allied to the 
consistent high quality and competitive prices of UNION 
CARBIDE briquettes, are appreciated by foundrymen 
everywhere as a part of UNION CARBIDE'S service 


to the metal industry 


UNION CARBIDE LIMITED 





103 MOUNT STREET LONDON WI! 


Telephone: Mayfair 8100 


May, 1960 59 
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/PARK GATE 
STEELS 


RANGE OF QUALITIES 

Steels in the carbon range 0.080/0.85% 

Case-hardening steels. 

Free-cutting steels. 

Low alloy steels. 

For machining, bright drawing, forging, 
drop stamping and general engineering. 


RANGE OF PRODUCTS 


























STANDARD AND 
HIGH TENSILE 

FREE CUTTING 
STEELS 


MILD, CARBON 


AND CASE- 
HARDENING 
STEELS 





Billets from 3” sq. upwards. 

Rounds from 3” to 9}". 

Hexagons from 3” to 33”. 

Squares from 3” to 4}”. 

Flats in certain sizes. 

Colliery roof supports and accessories. 
Special T.H. yielding arches. 
COILED BARS 


Rounds 3” to 2%” in §00 lb. coils. 
Rounds 8” to 1,4” in goo Ib. coils. 
Hexagons 3" to ;" in §00 Ib. coils. 
Hexagons {j' to 1” in goo Ib. coils. 
Coils may be split if required. 

COLD FORGING QUALITY WIRES 
0.240” to 0.550” in 500 Ib. coils. 
0.§§0” to 1.000” in goo Ib. coils. 

Coils may be split if required. 





STEELS FOR 
FORGINGS 
AND DROP 
STAMPINGS 





AMILD, CARBON 


le 
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AND ALLOY 
STEEL BARS 


THE PARK GATE IRON & STEEL COMPANY LIMITED ROTHERHAM 


A Gg Company 


TELEX 54141 TELEPHONE: ROTHERHAM 2141 (10 lines) TELEGRAMS: YORKSHIRE, PARKGATE, YORKS 
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ME. SCHACK COMBINED CONCENTRIC 
RECULUPERATORS FOR SOAKING PITS GIVI ATR 
PREHEATS OF 8o0o8®C WITHOUT DILUTION AIR 
Twenty combined concentric recuperators 
together with twenty gas recuperators— 
to be in commission by September, 


1961—have been ordered by Messrs. 


Priest Furnaces Limited for fitting to 


blast furnace gas fired soaking pits at 
the New Spencer Works of Messrs. 
Richard Thomas & Baldwins Limited. 


s-15 CROMER STREET, LONDON, W.C.1. 


May, 1960 
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Supersonic testing of a steel base roll to check absolute 
soundness. Rigid inspection of this kind has built up out 
world-wide reputation for consistent, long-lasting accuracy —trom 


the smallest work roll to the biggest back up. 


THE BRITISH R. B. TENNENT LTD 
182 O)) fy) Fy YUAN EC) 85) § rl) 7 S iii a 


THOMAS PERRY LTD., 


¢}- CORPORATION 


r = MIDLAND ROLLMAKERS LTD., 


| BRITISH 


ROUMARERS 


CORPORAT! 10" 





S 


LONDON OFFICE: 38 VICTORIA STREET  S.W.1. Telephone ABBey 6407 
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Stein & 


4 Pits built 


im 14. weeks 


Atkinson Ltd. 











THE BRITISH; 


THOMAS PERRY LTD 


¥} CORPORATION 


ROLLMAKERS 


CORPORATION 


MIDLAND ROLLMAKERS LTD 
eRitisn 


€B 
LONDON OFFICE: 38 VICTORIA STREET S.W.1. Telephone ABBey 6407 
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from start to finish 


As part of the Workington fron & Steel 
development plans we have recently com- 
missioned a battery of four Surface O 
Way Fired Soaking Pits. 
These Pits were in operation fourteen weeks 
from the commencement of erection. We, 
together with our American and Continental 
associates have built over one thousand 
Surface One-Way Fired Pits in Steel Mills © 
throughout the world. 


Westminster House Kew Road Richmond Surrey 





ROLLING MILL DRIVES 


On their universal beam mill at 
Lackenby Works, where the 
largest beams in Europe are 
rolled, Dorman Long (Steel) Ltd 
use A.E.I main electric drives 
totalling 30,000 h.p. 


ASSOCIATED ELECTRICAL INDUSTRIES LIMITED 


HEAVY PLANT DIVISION RUGBY AND MANCHESTER. ENGLAND 


ASI76 
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STEELWORKS MECHANICAL HANDLING PLANT 
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The Ty-ROCK ROD DECK SCREEN is a recent addition to the 
range of International Combustion equipment for ore handling. 
The efficiency of this screen has been proved in operation and 
particularly satisfactory results are being achieved with ores known 
to be difficult to handle. 

International Combustion design, manufacture and install complete 
mechanical handling plants. 


NINETEEN WOBURN PLACE, LONDON W.C.1 TELEPHONE: TERMINUS 2833 WORKS: DERBY . 
Member of Atomic Power Constructions Limite ne of the British Nuclear Ener Grout 
TGA 


May, 1960 








HOT ROLLED STEEL BARS 


Round ¢* Square ¢ Flat 
Ferro-Concrete Bars bent to Specification 


HOF ROLLED STEEL 
HOOrS AND STRIP 


Coils or cut lengths 


COLD ROLLED = 
STEEL STRIP enone 


in all qualities including CONTINUOUS 


Special Deep Stamping LENGTH 
in cut lengths or coils COILS 
Electro-Galvanised Strip 


THE WHITEHEAD IRON & STEEL CO LTD 
Phone: 65401 (P.B.X.) NEWPORT MON Grams: Whitehead Newport 


LONDON OFFICE BIRMINGHAM OFFICE GLASGOW OFFICE MANCHESTER OFFICE 
STEEL HOUSE, KING EDWARD HOUSE 50 WELLINGTON STREET CHRONICLE BUILDINGS 
TOTHILL STREET, S.W.1 NEW STREET, BIRMINGHAM, 2 GLASGOW, C.2 MANCHESTER 
Telegrams Telegrams Telegrams Telegrams 
WHITEDSTEL, PARL, LONDON WHITEDSTEL, BIRMINGHAM WHITEDSTEL, GLASGOW WHITEDSTEL, MANCHESTER 
Telephone Telephone Telephone Telephone 
WHITEHALL 2984 MIDLAND 0412-3 CENTRAL 1528 BLACKFRIARS 1603-4 
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‘eile 
Selem for many years builders of modern 


multi-stack coil annealing plants now offer in collaboration 


with Messrs. Matthias Ludwig of Essen, the most up-to-date 
single stack coil annealing plants for both sheet and tin plate. 


180 furnaces installed during the last eight years. 


Ss 


Salem 


MATTHIAS EUDWIG ESSEN 


‘NOUSTRIECOPRPENBAY 





On the right lines... 


BRITISH RAILWAYS 


EXPRESS FREIGHT 


TRAVELS FASTER ON... 


HEAT TREATMENT PLANT 


At British Timken, rollers have their own line— 

an EFCO continuous production line—where having 
been previously carburised they are automatically 
hardened and tempered to the precise specifications 
necessary for them to perform their arduous 


duties for British Railways. FURNACES 
the best of the worlds furnace designs 


Like Timken—be on the right lines—with EFCO 


ELECTRIC RESISTANCE FURNACE CO. LTD 


NETHERBY, QUEENS ROAD, WEYBRIDGE, SURREY © Weybridge 389! 


Assoc:ated with Electro-Chemical Engineering 
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The latest development in Open Hearth Steel-making Practice 


WAY fe iL LL IMI AV IN 


Britain’s foremost builders of Steel-making Plant 
now offer the 


[AS/IAK Oxygen Steel-making Operation 


This new steel producing technique has been incorporated in the furnace illustrated. 
It was invented and developed by Appleby -Frodingham Steel Company, and has already 
produced over } million tons of ingots. A second unit has now been commissioned. 

Outputs have been greatly increased with an average of five thousand tons of steel 
per week. 

This Furnace has now 90% availability together with lower than normal refractory 
costs. 

As licensees we invite you to consult us for either converting existing plant or 
providing new furnaces incorporating the Ajax Oxygen Steel-making Operation. 


| THE WELLMAN SMITH OWEN ENGINEERING CORPORATION LTD. 
PARNELL HOUSE, WILTON ROAD, LONDON, S.W.1 WORKS: DARLASTON, South Staffs, & BELFAST. 
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ACADEMICIAN G. V. KURDJUMOV 


GEORGY VYACHESLAVOVICH KURDJUMOV was born in 1902 at 
Rylsk in the Kursk district of Russia. After graduating from the Leningrad 
Polytechnic Institute in 1926 he continued his research into the structure of 
quenched and tempered steels by X-ray analysis, begun in the previous year at 
the Leningrad Physical Technical Institute. 

In 1932 Academician Kurdjumov became head of the phase transformation 
laboratory at Dnepropetrovsk, a post he held until 1944 when he organized 
the Institute of Metallography and Metal Physics and became its first 
director. The Institute is now part of the Central Research Institute for 
Ferrous Metallurgy in Moscow. 

From 1933 to 1941 he was also professor of metal physics at the 
Dnepropetrovsk University. In 1946 he established the laboratory of metal 
physics of the Ukrainian Academy of Sciences in Kiev, and was its director 
until 1951. 

Academician Kurdjumov was made a doctor of physical and mathematical 
sciences in 1937 and was elected a member of the Ukrainian Academy of 
Sciences in 1939. He became a corresponding member of the Academy of 
Sciences of the USSR in 1946 and a full member in 1953. He has directed 
research into phase transformation, metastable states of metals and alloys, 
strengthening of metals, and the use of radio-isotopes in studying diffusion. 
His published works include subjects such as determination of the crystal 
structure of martensite and study of its changes at tempering of quenched 
steels; determination of the lattice relationships between martensite and 
austenite; study of the martensitic transformations in copper alloys; discovery 
of martensitic transformations on heating (‘reversibility’ of martensitic 
transformations); discovery of the isothermal transformation of austentite to 
martensite at low temperatures and of the temperature dependence of the 
rate of this transformation; discovery of the phenomenon of the 
thermoelastic equilibrium at the martensitic transformations and of the 
‘elastic martensite crystals’. 

For his work on the study of martensite and martensitic transformations he 
was awarded a Stalin prize in 1949. 

Academician Kurdjumov visited the UK in November 1959 to deliver the 
Twelfth Hatfield Memorial Lecture entitled ‘Phenomena occurring in the 
quenching and tempering of steels’. 





Academician G. V. Kurdjumov 
Twelfth Hatfield Memorial Lecturer 
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Report of Council for 1959 


THE COUNCIL submit this, their Annual Report and Statement 
of Accounts for the year 1959 to Members for their approval at 
the 9st Meeting of The 
Institute. 

The 90th Annual General Meeting and the Autumn General 
Meeting 1959 were held in May and December respectively, 


Annual General Iron and Steel 


and a Special Meeting was held on the North-East Coast in 
July. The Engineers Group held a meeting in Holland, and 
another in Glasgow; many of the papers presented at the 
Autumn General Meeting were of an engineering character, 
and for this reason a separate Group Meeting was not held in 
London. Two Meetings of the Powder Metallurgy Joint Group 
took place during the year. Joint Meetings were held with 


Affiliated Local Societies in steelmaking districts 


ROLL OF THE INSTITUTE 
The total membership at 31 December 1959 was 5204, com 
pared with 5098 at the corresponding date in 1958 

During the year 323 Ordinary and 64 Associate Members 
reinstated. The deaths of 39 Members were 
reported; 144 resigned, 3 were transferred to the Service Sus 


were elected or 


pense List, 79 were struck off the Roll of Members, and 16 
elections lapsed for non-payment of subscriptions 

An analysis of the membership at 31 December 1959 is given 
in Table I, and the membership trend since the foundation of 
the Institute is shown in Fig.1 


OBITUARY 


The Council regret to announce the deaths of the following 


32 Members which occurred during 1959 


Batuiay, M. (Paris, France) 
3AXTER, W. B. 
Bisnop, A. H 
Boyp, Srr, A. J. (London) 
BranaM, J. E. (Pulborough) 
Branpt, D. J. O. (Hampton Hill 
Burrows, H. C. (Leeds) 19 August 
Carter, P. T. (Cardross) 1 February 
CHacmers, W. J. (Birmingham) 

J. (Bethlehem, Pa., USA) 
Dakin, R. B. 
Durrans, P. H. (Penistone) 
Everirtr, L. K. (Sheffield) 
GILBERT, G. H. March 
GREENWOOD, J. R. (Stockport) March 
GUERTLER, W. M. (Berlin-Dahlem, Germany) 21 March 
Harriss, R. H. (Johannesburg, South Africa) 22 July 
Hurst, J. E. (Lichfield) 
KILLINGBECK, W. (Barrow-in- Furness) 
LarKE, Sir William J. (Sidcup) 
MacKenzir, M. (London) 

MatrHews, J. A. (Cheam) 
Mippteton, T. (Sheffield) 

Perot, F. (Ougrée, Belgium) 
Puiturpson, G. A. (Ebbw Vale) 
PickwortTh, Sir Frederick (Sheffield) 
Pyre-SaitnH, A. 8S. (London) 

Sastri, H. 8. (Rangoon, 


2 February 
8 May 

3 November 
1] May 
January 


23 Nov ember 


(Scunthorpe) 
(Tunbridge Wells) 


10 August 
23 September 
18 October 
2 February 


Cort, S. 
(Stourbridge) 


20 June 


(Swansea) 


20 June 

25 March 

29 April 

5 February 
22 July 

May 

16 May 

18 September 
16 July 

6 July 


3urma) 24 September 


Tuornton, J. A. (Huddersfield 31 
Warp, Sir Ashley 8S. (Sheffield) 
Wituiams, W.S. (Swansea) 

WITHERINGTON, A 


January 
26 March 
February 
(Birmingham) 12 October 
The deaths of the following seven members took place earlier 
than 1959, but were not previously reported 

BaiLey, R. W. (Manchester 
Drewery, E. (Redcar 
Hit, C. F 
Mustep, G. G. (Birminghan | December 
WalIne, A. H. (Sheffield) 4 May 
Watton, J. 5S December 
ZERBE, W. F Not known 


+ Sc pte rmber 1957 
February 1958 


(Warrington) 28 July 1958 
1QO58 
1G58 
(Briton Ferry) 


(Harrisburg, Pa., USA 


1U58 


Sir William Larke 
Vice- Pre 
1946 


joined the Institute ir 
1934 


eived the Be 


1904; he was 
and an Honorary Vice 
ssemer Gold Medal in 


ident im 


He re« 


elected a 
President in 
1947 

Mr W. B. Baxter’s membership dated from 1933; in 1943 he 
became a Member of Council, in 1947 a Vice-President 
1952 an Honorary Vice-President 

Mons. F 
an Honorary Vice-President in 1958 

Mr A. S. Pye-Smith had been a Member for 60 vear 
Mr T. Middleton for 55 years. Mr C. F. Hill (elec 
Sir A. J. Boyd (1914), and Dr J. E. Hurst (1916 


Members for over 40 vears 


and in 


Perot became a Member in 1938, and was elected 
and 
ted in 1912), 


had 


ill been 


HONORARY MEMBER OF THE INSTITUTE 

Mr A. H who joined the Institute in 1931 and 
was President in 1957—8, was elected an Honorary Member of 
the Institute 


Ingen-Housz 


THE AMERICAN IRON AND STEEL INSTITUTE 

Mr W. Barr, 0.8.£., President, and Mr C. R. Wheeler, c.B.E£., 
Immediate Past Mem 
bership of The American Iron and Steel Institute during that 
Annual Meeting in New York in May 


President, were elected to Honorary 


Institute’s 


CHANGES ON THE COUNCIL 
President-Elect 


It was announced at the Autumn General Meeting 1959 that 
the Council had unanimously decided to nominate Mr W. F. 
Cartwright President at the Annual General 
Meeting 1959, to hold office for one year 


for elect 1on Aas 


Honorary Vice-President 
MrG.H 
Co. Ltd) 
Institute 


Johnson (formerly of The Kettering Iron and Coal 


was elected an Honorary Vice-President of the 


Other changes 

Major B. Chetwynd Talbot and Mr C. H. T. 
elected Major W. R. 
Mr T. R. Craig, 0.8.£., T.p., and Mr P. E 

elected Members of Council 


Williams were 


Vice-Presidents, and Brown, D.S.O., 


Holloway were 
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cil for 1959 


TABLE | Membership of The Iron and Steel 


institute at 31 December 1959 and comparison with 1958 








Honorary Members of Council Angus); Mr W. B. Williams 
following Mr P. T 


lurgical Society. 


Ebbw Vale Metall 
Edwards); Mr W. L. Boltor 
following Mr K. Hill): Mr J. 
Lincolnshire [ron and Steel Institute, foll 
); Mr B. Ryan (Liverpool Metallurgical S« 
Todd also agreed ! Bodsworth); Dr E. F. Emley (Manchest 
during his presidency of the West of inteinal Society. following Dr K. Jghneon Y. Davice 
and Steel Institute, following Dr H. Harris Stanley (Newport and District Metallurgical Socie 
tinuing presidency); Mr H. Edwards (N 
lurgical Society, ft 
(Cleveland Institution \ 
ng Mr T. H. Stayman); Mr H. E 


c©.B.E., President of 


The Institute of Metals, 
»as an Honorary 


Member of Council during his 
llowing Marshal of the Roval Air Force The 
B., D.O.L., LL.D. Mr J. W." 
office 


mw 


iwwreed to serve as Honorary Members 


lr pre siden ies of the affiliated local societies 
Mather, 0.B.E., T.D 


ollow ing Mi H Brooke Fr 
G. Quarrell (Sheffield Metallurgical Asso: 
Gresham Mr | Dr H. Bull (Sheff 


Metallurgical Society, following Mr N and following Mr E 





[tore 
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Count Bo Kalling (recentl Direc Research SY . f the August issue of the ./ nal for 1959 he t 
Kopparbergs Bergslags A.B.) in recognition of } listinguished d i ! n pp.63-94 of the Janu } | 
ontributior ; the pl} sical che try P ata 7 — tor 1960 (vol. 104 
he develop t f new p esses for t tking and treating The Member Dinner held at G Hou 
of iron and ates London W1, on Wednesday 6 May, and led by al 
The Sir R H Medal for 1959 was awarded to 1500 members and guests. The Speakers included the R 
Mr A. Jackson (The United Steel ( par Ltd) for his ne Hon. J.-S. Mac i ( G., Secretar f State for S land 
ibl mtribu etallurgy a allurgical edu His |} Dr A. J. ' i \ 
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ANDREW CARNEGIE RESEARCH GRANTS 
During 1959 the following grants were made f the Andre Twelfth Hatfield Memorial Lecture 


Carnegie Research Fund 


At the ion he Cour Sheffield | g 
K. Farri Sheffield Univer £400 (second gi for a er end e Le ive Conor em Lone 
; a : G. V. Kurdju 1 
' ptt ] Vie yraj | | P ‘ | 
| | ( Re | il y S | y ] f } AY | re ] 2 I 
Clasg £200 for . H 1 Me | I H s 
t ( ~ ( O-Al.t Sid) { N io t ( H 
r. Gua Sheffield U1 £400 I . 
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‘ 1 M Love 


MOND NICKEL FELLOWSHIPS Special Meeting on the North-East Coast 


Mr F. H. Sar recor ied to repres¢ } Iron i Ste | 1 eld Sp iM ' | 
Institute he Mond Nickel Fell ns ( tte ‘ \I ; rid ' 10 July 19 
rl { 1 yy | yt ( | 
dD. J. QO. M Jol I ig Seuntl Wor | 
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MEETINGS 


Annual General Meeting 1959 

The 90th Annual Gener Meoctin held a 250th Anniversary of the successful use of coke in ironmaking 
Me i} Hall. ©) H W ty ter Lond SW] , | wwoad A } Dar fir 

Wednesd nd T) ( 17M 159 
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The remnants of the furnace used by the Darbys have been 
preserved by Allied Lronfounders Ltd, who have also estab- 
lished a historical museum on the site of his experiments at 
Coalbrookdale. 

To mark the 250th anniversary of Darby’s experiments a 
meeting was held from Wednesday to Friday, 23-25 September 
1959, at the University of Birmingham and at Coalbrookdale, 
Shropshire. The arrangements were organized by a Committee 
composed ot representatives of a number of interested 
societies and bodies, including the Institute of British Foun 
drymen, the Worshipful Company of Ironfounders, and The 
fron and Steel Institute; the Chairman was Sir Frederick 
Scopes 

Wednesday evening and all day Thursday were occupied 
with a lecture and with the reading and discussion of four 
papers on the economic and technical aspects of the 18th 
century iron industry and its development, with particular 
reference to the times and work of Abraham Darby I and his 
descendants. In the evening the participants dined together 
at The Grand Hotel, Birmingham. The Rt Hon. Lord Mills, who 
was at that time H.M. Minister of Fuel and Power, was the 
principal guest. On the Friday the members spent most of the 
day at Coalbrookdale examining the furnace and the exhibits; 
on the way there they stopped to inspect the cast-iron aque- 
duct at Longdon-upon-Tern, near Wellington, built by Telford, 
the Coalport ineline, and the Iron Bridge over the Severn near 
Coalbrookdale, built by Abraham Darby III, which has given 
its name to the village of Tronbridge in which it stands 

Duplicated copies of the four papers were supplied to par 
ticipants before the Meeting, but they will not be reprinted in 
the Institute's Journal 


Joint meeting on corrosion 


On 15 October 1959 the Institute held a Meeting jointly with 
the Corrosion Group of the Society for Chemical Industry to 
discuss the Sixth Report of the Corrosion Committee of the 
British Iron and Steel Research Association, published as 
no.66 in the Institute’s Special Report Series. The Meeting was 
held in the Hoare Memorial Hall, Church House, Westminster, 
London SW1, starting at 10.30 am and continuing at 2.0 pm 
The account of the discussion will be published later in the 
Institute's Journal 


Iron and Steel Engineers Group 
Mr F. B. George continued to hold office as Chairman of the 
Iron and Steel Engineers Group. The Engineering Committee, 
which supervises the Group's activities, was composed of the 
following Members as from May 1959: 
Chairman 
Mr F. B. George 
Vembers 
Mr W.S. Atkins Mrs 
Mr D. L. Campbell Mr S. P. Maynard 
Mr H. Darnell Mr M. P. Rathbone 
Mr D. R. Eastwood Mr R. Stewartson 
Mr R. M. L. Elkan Mr G. Warrior 
Mr J. A. Kilby Mr N. T. Williams 
Mr N.C Lake 
Ex Officio 
Mr W. Barr, 0.8.1 
Sir Julian Pode Dr H. R. Mills 


At the kind invitation of Mr A. H. Ingen-Housz (Past- 
President), the Group paid a three-day visit to Holland on the 


A. Lewitt 


14-17 April. Technical sessions for the discussion of papers on 
ore handling were held and visits paid to the works of the 
Royal Netherland Blast Furnaces and Steelworks Ltd, at 
IJmuiden, the heavy forge and machine shops of the Rotter 
dam Dry Dock Co. Ltd, and the Muller-Hanna ore-handling 
plant at Rotterdam 

The papers discussed at the meeting have been published in 
Special Report no.65. 

On 28 and 29 October the Junior Engineers of the Group 
met in Glasgow. Following a technical session on the first 
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morning at which the development of steelmaking in Scotland 
was reviewed by Mr J. A. Kilby, visits were paid to the Ravens 
craig Works of Colvilles Ltd, the General Terminus Quay, 
Clyde Iron Works, and the Clydebridge Works of Colvilles 
Ltd, the Clydesdale Steel and Tube Works of Stewarts and 
Lloyds Ltd, and the works of the North British Locomotive 
Co. Ltd. 

No separate meeting was held in London, because a large 
part of the Institute’s Autumn General Meeting was devoted 
to the discussion of papers on forging and extrusion, the 
mechanical aspects of which greatly interested the Group 
members 

The Engineers Group were also invited to take part in joint 
meetings with two affiliated local societies, namely, Ebbw 
Vale Metallurgical Society on 12 February and Sheffield 
Society of Engineers and Metallurgists on 19 February, and 
with the West of Scotland Iron and Steel Institute on 13 
March 

On 19 February the Joint Meeting of the Sheffield Society 
of Engineers and Metallurgists began in the afternoon with a 
visit to the Shepcote Lane Works of Firth-Vickers Stainless 
Steels, Ltd; after tea Mr J. R. 
Shepeote Lane Rolling Mills, Ltd, gave a lecture on the plant, 
which was followed by a discussion. On 20 February, The 


Edwards, Superintendent of 


Institution of Water Engineers joined in the proceedings; in 
the morning the party went to the works of the Park Gate 
Iron and Steel Co. Ltd to visit the 11-in. continuous bar mill 
and bar treatment plant, and the water treatment plant. After 
lunch as guests of the Park Gate Company, the party returned 
to Sheffield for a joint meeting in the University to discuss a 
paper by Mr I. M. E. Aitken, Mr E. L. Streatfield, and Mr 
H.C. White on ‘Water recirculation in steelworks’. After tea, 
by invitation of the Sheffield Society of Engineers and Metal 
lurgists, the members were able to visit the Departments of 
Mechanical Engineering and of Civil Engineering of Sheffield 
University. The water recirculation paper will be published in 
the Journal of The Institution of Water Engineers 


POWDER METALLURGY JOINT GROUP 
The Powder Metallurgy Joint Group of The Tron and Steel 
Institute and The Institute of Metals held two whole-day 
meetings during 1959: on 29 April there was a general dis 
cussion on Theoretical Aspect s of Sintering and on 16 Decem 
ber a symposium on ‘The powder metallurgy of magnetic 
materials’ took place; both were at Church House, West 
minster 

The programmes of the two meetings are given on p.278 of 
the March Journal and pp.373-374 of the December Journal 
of the Institute. The papers for the two meetings are printed 
in Powder Metallurgy, nos.3 and 4; the latter issue also con 
tains the discussion on the April papers 

Powder Metallurgy, the Group’s official organ, appears twice 
a year; the annual subscription is 25s (post free) to non 
members; reduced rate 10s to Members of The Tron and Steel 
Institute and The Institute of Metals 


BRITISH NUCLEAR ENERGY CONFERENCE 

The British Nuclear Energy Conference, of which the Institute 
is a member, organized a number of meetings to discuss papers 
on nuclear energy, its practical application and related 
matters. These were co-ordinated into a joint programme of 
meetings held by the constituent Institutions. Some 14 such 
meetings were announced through the ‘Diary’ in the Institute’s 
Journal. 


JOINT BRITISH COMMITTEE FOR VACUUM SCIENCE 
AND TECHNOLOGY 


On the initiative of the Institute of Physics, the Joint British 
Committee for Vacuum Science and Technology was set up. 
Its membership comprises a dozen technical and scientific 
societies in the UK, including The Iron and Steel Institute, 
and its objects are (a) to co-ordinate meetings in the whole 





field of vacuum science and technology arranged by constitu 


ent bodies, and (4) to act in the collective interest of the con- 


stituent bodies by maintaining liaison with the International 


Congress of Vacuum Science Technology and with 


National Vacuum Societies. The Institute of Physics prov ides 


and 


the secretarial services 


PUBLICATIONS 
Journal 


The Journal was published in the usual twelve monthly parts 
comprising volumes 191, 192, and 193. Indexes and binding 


cases are being prepared 


Special Reports 


Three Special Reports were issued during the year 
No.64 °Precipitation processes in ste Is’ (1959) 
No.65 


No.66 ‘Sixth report of the Corrosion Committee’ 


1959) 
(1959) 


The handling and treatment of iron ores 


Bibliographies 
A continuation of no.21 Bibho 


issued as 


in the Bibliogr iphu al Series 
] 


graphy on the continuous casting of stee was 


no.21la; it covered the period 1956-9 
Bibl 


1946-59, was also published during the al 


wraptl no.22. ‘Oxvgen in steelmaking 


for the period 


List of Members 
The List of Members 


arranged alphabet 


Me rivers 


publist ed 


1950. giving the nar 
and t spograpl ically 


during the veal 


Other Publications 
The Institute 
Britis Fou 
Instrument 7 


JOINT LIBRARY AND INFORMATION DEPARTMENT 


iorary 


The number of publication s borroy on Jomt I 


of the Institute and The 


than in 


Inst Metals w again higher 
14871 (14038 


Pood 


previou eal 1050 being 


mn 1958 and 13847 im 7 int rier years, about 


additional public ition Meriber { the staffs 


veal 401 text-books were 


acquired, a number beimg gifts. The 


thant 


Wish to 


bool 


Council 


those whe 


presented copie ot then and 


Library 


Photographic copes of documents can 


papers to the Joint 
tiricie 1 con 


opies 


from 


ditions, be supplied to Members 


and 24 


During 1959, oto ¢ 


microfilms were made available, a decline 
previous vears 

In 1958 a considerable extension was reported in the hold 
and Information 
UK and 
particularly in the USA and the USSR. This increase } 


1959 


Library 
Department of literature published in the 


ing and utilization by the Joint 


abroad, 
“as con 
tinued in In the course of the vear an exchange agree 
ment was negotiated with The Institute of Scientific Informa 
tion of the Academy of Moscow the 


(with the kind co-operation of British publishing 


Sciences in whereby 
Institute 
houses) sent to the Institute of Scientific Information a large 
number of British metallurgical periodicals in exchange for an 
equivalent quantity of Soviet 


outstanding periodicals, a 


number of which were not available on an ordinary subscrip 
tion basis 

The services of the Information Department, like those of 
the Joint Library, were again much in demand by Members, 
and included the provision of bibliographies and lists of 
references (see also‘ Bibliographies’ under ‘Publications’ above) 
Public bodies of various kinds also continued to apply for 
information and advice. 

Considerable progress was made during 1959 in the building 
Library 


extensions to the Joint It will be possible early in 


1960 to restore the use of the main reading room to members. 
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while providing rdditional office accommodation and muet 


new storage space 
At the of 1959, ar 


Service was inaugurated 


Abstract and Book Title 


Phis will provide for sale, on 5in. » din 


close Index Card 
cards, copies of all abstracts and book titles well in advance of 
their publication in the Journal, where they will continue to 
appear. The cards 
Classification Lb 


will contain in addition Universal Decunal 


numbers. The service will commence 


with the abstracts and book title contents of the Journal for 


January 1960: cards will be sent to subscribers fortnightly 


Co-operation with the British Iron and Steel Research 
Association 


During the course of the year the friendly co-operation 


established between the Library and Information Department 
of the Institute British 
Association 


and the Iron and Steel Kesearch 


has continued ind close liaison ha taken place 


between the 


bodice 


respective taffs. On the initiation of the twe 
hip of Sheftield 


and Steel Federation 


sand with the co-« peration and 
Library. the British Tron 


organizations, an Information 


pon ar 
and other 


Conference for the Steel 


Industry in Sheffield was held on Thursda 23 April it the 
brarian and Head the 


Library Sheffield The Li 


ation Department of the Institute presented a paper 


es of technical informatior 


TRANSLATION SERVICES 
Stal in English 


By arrangement Department of Seentific and 


Industrial Research, the , " undertook the monthly 


pul licat version of t tt jal 
ournal Ste starting w e January 1959 


of the 


end 
pte dela i yt eautrwor 


due t 


British Iron and Steel Industry Translation Service (BISITS 


The collaboration of teel other und 


BISRA, on which th ) anslation 
depends. ha 


ontinued: two more 


contributing t islation 
were produced 1a50 
prey 


60 from Russian 


ions during 


ber as im the halt from 


from Chu 


oOus year ove! were 


German 16 from Japanese, tv 


ese, and the remainder from Il other languages 


Information about translations is now distributed to over 
300 organizations im the 
lists, besides being published in the 
Report Lists, and in the Iron and Steel 
Review of the British Press 


appear in leading metallurgical journals 


and six-weekly 
BISRA 
Federation 


Selected 


form of fortnightly 
Journal, in the 
British 
and Foreign lists alse 

Details of BISITS translations available and in preparation 
and of non-BISITS translations on iron and steel production 
3 in 


available for 850 BISI trans 


and cognate subjects, may be obtained on 5 in cards 


By the end of the year cards were 
lations and nearly 1200 others 

\ paper describing the translation service was read at the 
Aslib Conference on Co-operative Technical Translation in 


January 1960, and will be published in Aslib Proceedings 


RELATIONS WITH OTHER SOCIETIES AND 
ORGANIZATIONS IN THE UK AND OVERSEAS 


Friendly co-operation has continued throughout the year with 


many scientific and technical societies at home and overseas 
and especially with The Institute of Metals, The Institution of 
Metallurgists, and the West of Scotland Steel 
Institute. Friendly relationships with the and Steel 
Board, the British Steel and the 
British and have 


maintained 


Iron and 


Iron 


Iron and Federation, 


[ron Steel Research Association been 
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Affiliated local societies in the UK award travelling fellowships to candidates in industry, wl 

The fol a3 a, ot 2] 7 iffiliated have completed an advanced course in metallurgy, to stud 

Institute development in steelmaking practice in other countries, and 

; to erect a monument to Sidney Gilchrist Thomas on the sit 

Cleveland Institution of Engineers f} al t Bl 

> : oO is original experiments at rilaenAVOT 

East Midlands Metallurgical Societ ; 

Ebbw Vale Metallurgical Societ\ . . . 
Representation at meetings and membership of 


missions overseas 


Leeds Metallurgical Society 
Lincolnshire Iron and Steel Institutes 
Liverpool Metallurgical Society Mr W. Barr, 0.B.b., President, and Mr C. R. Wheeler, ¢.B.1 
Manchester Metallurgical Society Immediate Past-President, represented the Institute at the 
Newport and District Metallurgical Society Annual Meeting and Banquet of The American Lron and Steel 
North Wales Metallurgical Society Institute in New York in May 
Sheffield Metallurgical Association At the Annual Meeting of the Eisenhiitte Oesterreich held in 
Shettield Society of Engineers and Metallurgists Leoben, Austria, from 28 to 31 May 1959, the Institute was 
Staffordshire Iron and Steel Institute represented by Mr A. H. Ingen-Housz (Past-President) who 
Swansea and District Metallurgical Societs also delivered a lecture during the meeting 
In the Spring, Mr H. W. A. Waring, ¢.M.G., took part 
. : meeting in Santiago, Chile, held under the auspices of 
Joint meetings Chilean Steel Institute. He was invited as Chairman of 
Steel Committee of the United Nations Economic Mi 
Metallurgical Societ " i2 February and the Sheffield | 


The Institute took part in joint meetings with the Liverpool 


irope. but also represented the In 
Metallurgical Association on 15 December. The Engineers Phe Secretary attended part of the Autumn Meeting 
Group were similarly invited to join with the Ebbw Vale Société Frangaise de Métallurgie in Paris from 19 
Metallurgical Society on the same date. with the Sheftield October. He was also present at the Annual Meeting 
Somety of Engineers and Metallurgists on 19 February, and Verein Deutscher Ejsenhiittenleute in Dusseldorf on 
with the West t Seotland Iron and Steel Institute on 13 N 


vember 


Mare} ‘sides these special occasions Institute Members were The A 


istant Secretary ( ‘leer represented 
entitled to attend ordinary meetings of the affiliated societies Institute at the Twenty-Sixth International Foundrv Cong 
and Fourth General Meeting « he anish Tron and Stee 
Metallurgical societies overseas Institute held in Madrid fron 

During the year the Chilean Steel Institute (Instituto 


del Acero accepted rhe Tron and Steel Institute vit ion EDUCATION 


) 


e a ‘kindred’ society, which brings the total numbe Joint Committee for National Certificates in Metallurgy 
IOLICS Che Institute was represented on the Jomt Conim 
of Mining, Metallurgical, and Petroleun National Certificates in Metallurgy by Dr J. W 


Secretar’ 


Steel Institute 


or Metals Sheffield University: Institute Prize, 1959 


} 


The Lron and Steel Institute offers ; ! 
to he presented to the 
Bachelor of Metallurgy 

bourgeoi the highest standard in pr: 

1959 was awarded t 


wione Italiana di Metallurgia (Italy els mes 


Institute of Metals 
nstitute of Mining and Metallurg 
<iosara™ rere taal WORSHIPFUL COMPANY OF BLACKSMITHS 
el Hierro y del Acero (Spait uring 1959 no application was received from a Member of the 
Season istitute or nomimation for admissi to the Worsh pt il 
tut + genie Holland slacksmiths’ Company under the hi 
eged to pr 


HONOURS CONFERRED UPON MEMBERS 


The ¢ meu offer their congratulations to all 


have received Honour ol pointment 


i ap} 
Their names have been recorded in 


Jou 


FINANCE 


The accounts fo 


ar are printed i 


GENERAL FUND 
Sidney Gilchrist Thomas Memorial Balance Sheet and Income and Expenditure Account 


During 1959 the Council supported } al ma ) thie ‘he balance sheet ¢ 3 ecember 1959. and t 
President and Council the wport istri letal enditure en fo 1e vear ending on that « 
] 


lurgical S ty for 


Thomas Memonal Fund. The objects of the ure t i dinary expenditure it £LLLOO6 (£105582) exceeded 
annually a Sidney Gilchrist Thomas . eS | ‘ ( v income £108 182 (4104578) by £2924 (£1004 After 


ba special items the sum of £2350. exces 
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12 Report of Council for 1959 


expenditure over income, was transferred to the accumulated 
fund 

The balance of the accumulated fund credited to the balance 
sheet was £34453 (£33815). The cost of extensions during 
1959 at the no.4 Grosvenor Gardens, 
£13114, has been charged to the House Fund—Cost of Lease 
Account. The total amount written off the value of the lease, 
which runs for 60 years from September 1955, is £11045 
(£9038) and the balance is now £33512 
(£35519). The total amount received by the House Fund is 
£58 200 (£57 450) 


Institute’s offices at 


its value in sheet 


TRUST FUNDS 


The accounts of the Andrew Carnegie Research, Williams 


STA L in English 


Prize, Bessemer Medal, and Sir Robert Hadfield Medal Funds 


are presented as usual. 


INVESTMENTS 


Investments are valued in the balance sheets at their cost 
when purchased. In the case of the General and House Funds 
the cost was £41363 (£48814) and their market value at 31 
December 1959 was £34580 (£43988). In the case of the four 
trust funds the cost was £38607* (£38607) and their market 
value at 31 December 1959 was £34747 (£36436). 

* This figure includes £474 15s Od British Transport 3% 
Guaranteed Stock 1978-1988 at the figure of £400 at which it 





is included in the balance sheet of the Bessemer Medal Fund 


The first 12 issues of Stal in English have been favourably received by the iron and 


steel industry in the UK and abroad. Number 1 of the 1960 series will be available 


shortly, and subsequent issues will appear at about three-weekly intervals. Principal 


contents of nos.1 and 2 are given below. Full details of subscriptions to Stal in English 


are available from the Secretary of The Lron 


No. 1 


The future of the Soviet i 


IRONMAKING 


feduction process in an ore bed 


Movement blast-furnace hearth 


ot pig tron an lag in the 
Analysis of 


coolers 


operati blast-furnaces with various stack 


STEELMAKING 


Converting a 220-ton OH furnace to natural gas firing 
Use of preheated pig iron in an OH furnace 


Effect of vacuum treatment on the properties of low-carbon 


steel 


ROLLING AND TUBE PRODUCTION 


Rolling mill lay-outs in conjunction with continuous casting 
Causes of bulging in carbon steel slabs 


Protective coatings for drain and water-main piping 


METAL SCIENCE AND HEAT-TREATMENT 


Effect of structure on mechanical properties and ductility of 
aluminium-kuiled steel 


Electrolytic pickling of sheets by mains-frequency alternating 
current 
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and Steel Institute. 


No. 2 
IRONMAKING 


Agglomeration of finely divide 


Experience of smelting ferromatr 


STEELMAKING 


Working conditions for OH furnace roofs wit 


Low-carbon steel for the produc tion of bi-me 


ELECTROMET ALLURGY 


Operational experience with a 400-ton are furnace with high 


secondary voltage 


METAL SCIENCE AND HEAT-TREATMENT 


telationship between steel deformability and its structure 


COMPONENT PRODUCTION 


Improving the manufacture of needle wire 


POWER AND PLANT 


Gas purification for blast-furnaces operating at high pressure 
and with enriched blast 






















IN 1958 the Council of The Iron and Steel Institute 
invitation the Italiana di 
(President, Professore Felice De Carli) to hold a 
with them in Milan on Monday 


ace epted an 


from Metallurgia 


Associazione 
ont meeting 
and Tuesday, 30 and 31 May 
1960. This joint meeting will form part of the Special Meeting 
of The Iron and held in Italy 
Sunday, 29 May, 11 June 1960 


Steel Institute to be 
to Saturday, 


The arrangements for the 


from 


joint meeting have been made by 
a committee set up by the Associazione Italiana di Metallurgia 
under the Chairmanship of Ing. Vincenzo Ventafridda 

The President, Mr W. F and Couneil of The 
Iron and Steel Institute wish to express their thanks to the 
President Metal 
rec eption com 
to Dr Giovanni Lo Pinto, Secretary of the Associazione 


Cartwright, 


and Council of the Itahana di 
lurgia; to the chairman and members of the 


mittee; 


Associazione 


Italiana di Metallurgia, who has kindly helped in the detailed 


arrangements for the meeting: to the managements of the 
Italy kindly 
invited members and ladies to visit them; and to the authors 
of papers and all others who have so helpfully collaborated in 
organizing the meeting. 

The meeting is divided into three sections: Section I from 
29 May to , in Milan and Rapallo or Santa Margherita; 
Section IT, from 4 to 7 June. in Rome; and Section ILI, from 
8 to Ll June, in Naples. There will also be a special sight 


seeing from 8 to 11 
“4 


works and other establishments in who have 


3 June 


excursion alternative to 


Section ILI, visiting Assisi, Perugia, and Florence 


June, as an 


Programme of the Joint Meeting of the Associazione 
italiana di Metallurgia and The Iron and Steel 
Institute 


The Opening Session and Joint Technical Sessions will be held 
at the Museum of Science and Technology, Milan 


Monday, 30 May 


Morning 
10.00 am Opening Session 
Award of the Gholitti 
Mr W. F. Cartwright 
Address by Mr W. F. Cartwright 
Visit to the 
Technology 


Steel Medal to 
10.30 am 


11.30 am Museum of 


Science and 


1.00 to2.00 pm Luncheon at the Museum by invitation 
of the management of Acciaierie e 
Ferriere Lombarde Falck S.p.A. 
{fternoon 

EITHER 

Joint Technical Session A 

Presentation 


3.00 to 5.00 pm 


and discussion of the 





papers: 
New processes for the direct reduction of 
iron ores by Professore A. Scortecci and 
Dott. A. Palazzi (Finsider) 

Melting trials in electric and open-hearth 
furnaces by Professore O. Masi (FIAT 
S.p.A.) 

OR 

Works visits to EITHER 
Breda Siderurgica S.p.A. 
iron 


2.00 to 5.00 pm 


(electric pig 
furnaces, open-hearth furnaces, 


forging presses and hammers, rolling 





Programme for Special Meeting 






2 OO to 5.00 pm 


Krening 
6.30 to 7.30 pm 


Tuesday, 31 May 
111 day 


49.30 am to 5.30 pm 


9.30 am to 12.30 pm 





Vorning 


9.30 am to 


12 noon 


1 fternoon 


2.00 to 5.30 pm 


9.00 pm 


in Italy 1960 


mills for billets, sheet bar, bar mid 
wire rod Excursion 2 

OR 

Stabilimenti di San Eustacchio S 1 


f 
hearth and r lec tric stee lmaking, pilger 


Brescia (foundry and heavy machine 
shops) Excursion 3 
Reception at the Villa di Via Palestre 
Piazza Cavour, Milan, by invitation of 
the Mayor of Milan 
Works visit to Dalmine S 1 open- 


mills, manufacture of seamless tubes 


Exc ursion 4 


OR 
Works visit to Jnnocenti Socreta per 
V Industria Metallurqica ‘ Meccanica 


(heavy engineering shops for manufac 
ture of 


rolling mills, hears, presses, 


ete., for the ferrous and ferrous 


of Lan 


non 
metals industries: manufacture 
bretta vehicles)— Excursion 6 


OR 


Jéint Dachwionl Hessian Bi 
Presentation and 
papers 


Deqasi f 


fication of steel by vacuum casting 


for the produ tion of castings and forgings 


by Ing. V. S« Ing. A. de Negri, 
and Ing. V. Piceardi (SLAC 


alise 
Continuous casting of steel by 
M. Signora (Terni 

Muse umm 


Profes 


Luncheon at 


Works visit to Ar 


Ferriere 


Lombarde Falck S p.A. (electric pig 
iron furnaces; open-hearth and electri 
steelmaking; heavy and light section 


mills; heavy and medium plate mills; 
sheet and strip mills; wire rod mills 
Excursion 7 

Banquet at the Hotel 
Savoia, 


Principe di 
Milan, by invitation of the 


Associazione Italiana di Metallurgia 





Full Programme of the Special Meeting in Italy 
SECTION |: MILAN and RAPALLO or SANTA 


MARGHERITA 


Sunday, 29 May (Milan) 


3.00 pm 


Evening 


Members 


Ladies: Visit to 
at Villa d’Este— 


and Lake 


Como, with tea Ercur 
sion | 


Members and Ladies; Free in Milan 
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Monday, 30 May ‘Milan 


Friday, 3 June ‘Genoa 
All day 


open-tie 
steelmaking; rolling n 


rounds, and plates; 


ys and ma 


Tuesday, 31 May (Milan SECTION II: ROME 
i day 

Ve ine Saturday, 4 June (Rapalio Santa Margherita Rome 

Dalmir embers and Ladies travel by spe 

Innocenti LECUY tr i from Rapallo and Santa Marg 


chnical Nes } 


ith Jun 
ind a works 
Ferriere Lombarde 
uUrSION ¢ in the atternoo 
n Milan 
Sunday, 5 June (Rome 
Vorning embers d Ladies: Free 
12 noon to 7.30 pm embe and Ladies: Sightseeing t 
1 and tea) to Villa d’Este ane 
ans Villa— Exvecu 


Vembers and Ladies 


Monday, 6 June (Rome 
30 t 2.30 pr Veml 


Mise 


1 iif 


Old Apy 
New Appian WV 


f St Joh 


Thursday, 2 June Milan Rapallo Santa Margherita 


VMorni e7 I 


1 ft ’ i 
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SPECIAL MEETING IN ITALY 1960 


Felice De Carli 

President of the Associazione 
Italiana di Metallurgia and 
Honorary Member of 

The Iron and Steel Institute 


W. F. Cartwright 


President of The Iron and Steel Institute 
and Federico Giolitti Steel Medallist 
of the Associazione Italiana di Metallurgia 





POE od: AO OMENS: SRY MKS RENO he ORR I One 2B 


Giovanni Falck 


Honorary Vice-President of 
The Iron and Steel Institute 


Ernesto, Manuelli 


Honorary Vice-President of 
The Iron and Steel Institute 





Friday, 10 June | Florence 
I 


Saturday, 11 June 


Honours for Italian iron and steelmakers 


SECTION lil: NAPLES 


Wednesday, 8 June ‘Rome Naples 


Felice De Carli 


‘ 
\ 


Thursday, 9 June | Naples 
llew 


j 
} 


Giovanni Falck 


Ginthk he pen 


Saturday, 11 June Naples 


bie 


EXD OF MEETING 
SPECIAL EXCURSION TO ASSISI, PERUGIA, 
AND FLORENCE 


Wednesday, 8 June ‘Rome Assisi Perugia Florence 


i ' \ } 


Thursday, 9 June (Florence 
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16 The Italian iron and steel industry 


He became a director of the Company in 1940, Vice-Presi 
dent in 1946, and President in 1948; during this time he con 
tinued, with the help of his brother, Dott. Bruno Falck, the 
modernization and expansion of the works. 

Dott. Falck serves on many bodies outside his company. He 
is Vice-President of the 
Italiane (corresponding to the British Iron and Steel Federa 


Associazione Industrie Siderurgiche 
tion), a member of council of the Confederazione Generale dell’ 
Industria Italiana (the Federation of Italian Industries), and 
a member of council of the International Chamber of Com 


merce, among other offices 


Ernesto Manuelli was born in Rome in 1906. At the age of 17 
he became a qualified accountant and joined a bank. Seven 
years later he obtained a degree in economical and commercial 
sciences 

In 1930 he joined the Italgas group in Turin, where he 
worked on company reorganization, and in 1932 he was ap 
pointed general secretary of Sofindit (Societa Finanziaria 
Milan, the 


Italian government during the economic depression, to take 


Industriale Italiana) of which was formed by 


over industrial shares. Subsequently, he joined the IRI 
(Instituto per la Riconstruzione Industriale) when this com- 
pany took over Sofindit. Between 1935 and 1940 he worked 
in the Currency Department of the Cabinet Council which later 
became the Ministry of Exchange and Currency. During this 
period he took his degree in economic and financial politics. In 
1940 he was appointed general manager and later assistant 
director of Ansaldo S.p.A. of Genoa. 

In April 1945 he was appointed commissioner of Ansaldo 
and occupied this position until November 1945, when he was 
appointed vice-chairman and then chairman of the board of 
directors. He was also a lecturer in economics and commerce at 
the International Technical and Commercial School of Genoa. 

In the following year he was appointed general manager of 
Finsider of Rome, and in 1953 he became managing director 
and member of the executive committee of the company 

Together with Oscar Sinigaglia he produced at Finsider 
what has been described as the ‘miracle of the Italian steel 
industry’ by trebling the pre-war national production of steel 
and cast iron. Since 1958 he has been managing director and 


chairman of Finsider 


The Italian iron and steel industry in the 


post-war period, and its future prospects 


Associazione Industrie Siderurgiche Italiane 


STRUCTURAL PROBLEMS AND THEIR SOLUTION 
AFTER THE WAR the Italian iron and steel industry was 
faced with many obstacles and difficulties. Conflicting 
solutions were put forward which gave rise to long and 
profound discussion on the recovery of the industry. 
There were three schools of thought: the first, founded 
on the possibility of world co-operation, held that it 
was not necessary to reconstruct the industry: the 
second favoured maintenance of an industry with 
adequate tariff protection directed by large organiza- 
tions: the third maintained that a well equipped 
industry must be created which could, in time, com- 
pete with similar and stronger industries abroad. The 
last view prevailed and may be summarized as 
follows 


(i) replacement of old plant 

(ii) concentration on the production of pig iron, 
crude steel, and hot-rolled steel products in a 
limited number of large works constructed and 
operated to obtain maximum efficiency 
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SYNOPSIS 

Since 1945 the Italian iron and steel industry has been 
reorganized and developed so that by 1957 Italy had 
become seventh largest steel producer in the world. This 
review considers the main post-war problems of materials, 


finance, and organization, and outlines the solutions 


reached. Probable future lines of development of the 
1831 


industry are also considered. 





(iii) specialization of production in single produc- 
tion units 

balanced and flexible production based on 
using iron ore and scrap, enabling production to 
be adapted according to the fluctuations of the 
market 

providing powerful modern continuous and 
semi-continuous mills which by operation at 
full capacity would ensure production of the 
various product groups at lower costs than the 
older processes. 


(iv) 





These ideas have been put into effect by the companies 
in the Finsider Group and the principal privately- 
owned companies and have given an effective boost to 
the Italian steel industry in the post-war period, and 
have enabled it to reach its present position. In 1948 
with a production of 2125000 tons of steel, figures had 
almost reached the maximum pre-war level of 
2322000 tons in 1938. In 1952 3-5 million tons were 
produced and in 1954 Italy was the ninth largest 
steel-producing country in the world, rising to eighth 
in 1955, and seventh in 1957. 

The structure of the Italian steel industry is dis 
tinguished from other countries by 

(i) scarcity of indigenous iron ore 

(ii) lack of coking coal 

(ii) availability of cheap electric power 

hydro-electric) particularly in years 


(almost all 


b Scale 25 


1 Northe rn Italy (a) works produc ing pri won and fe rro-alloys 


\ 
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(iv) availability of natural or methane gas which 
has already been used for some years for the 
production of steel in open-hearth furnaces and 
which in future he for firing 
blast-furnaces 


also used 


may 


Owing to the searcity of iron ore and coking coal 
and the lower capital cost and greater flexibility of 
OH production, the industry tended at first to restrict 
the production of pig iron from ore and develop the 
steel production in OH or electric furnaces using a 
burden consisting mainly of scrap 

In addition, the moderate growth of 
industries favoured small local works located near the 
consumer. This trend was already noticeable in the 
growth of the steel industry in the early part of the 
century, and as a result there tended to be numerous 


consume! 


smali plants based on a cold-metal charge. Their loca 


A 


(b) steelworks 
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tion, too, did not conform to any pattern, some being 
situated near the Alpine valleys, where there was an 
ironmaking tradition and skilled labour, and others 
near the more industrialized cities of the North 
(Figs.1 and 2). 

Mainly medium and small steelmakers in Italy 
operate on scrap. Of the larger firms, Dalmine, Fiat, 
and Falck operate on scrap although Fiat and Falck 
produce pig iron but only in electric furnaces. Other 
firms have blast-furnaces and produce pig iron which 
is charged into the steel furnaces as hot metal. Figure 3 
shows the consumption of scrap and pig iron in the 
industry since 1947, and Fig.4 shows the increasing 
ratio of pig iron/pig iron--scrap, with some compara- 
tive UK figures. 

There are three completely integrated works with 
blast-furnaces. Ilva has OH and basic Bessemer 
(annual capacity 830000 tons) at Naples (Bagnoli), 
and OH (annual capacity 650000 tons) at Pombino; 


{ ® 
b Polerme 


the third is at Genoa, where Cornigliano has an OH 
(annual capacity 1-2 million tons) which also has the 
only continuous wide strip mill in Italy (from 80 in.). 
There are other small blast-furnaces, at Trieste for 
foundry pig iron, and at Aosta where only alloy and 
high-quality steels are produced in electric furnaces. 

The consumption of scrap and pig iron in Italy in 
1958 was about 764 kg of scrap and 312 kg of pig iron 
ton of steel. The iron required for steel production is 
for the most part produced by Italian works and only 
a small proportion is imported; this does not apply to 
scrap as home demand for pig iron cannot be met from 
home sources and thus substantial quantities of scrap 
have to be imported (see Figs.5-7). 

The quantity of pig iron produced in the electric 
furnaces is small compared with total production. In 
1959 a total of 1903430 tons was produced for steel- 
making, of this only 133142 tons (7°) came from 
electric furnaces (Fig.8). It should be noted that}Falck 


and for o 


wIS 
1 Blast furnaces 


Electric furnaces for ferro 
@ Steelworks with rc 


e 0 OO 


2 (a)Central Italy works producing pig ironand crude steel (b) Southern Italy, steelworks and works producing pigtronand ferro-alloys 
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3 Consumption of scrap and 





pig vron in steel production 
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Scrap consumption 


Scrap consumption * pig 
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produced 106500 tons of iron in its own electric 

furnaces, i.e. 50-3°, of the total iron produced by this 
Scrap arising a steelworks * process in 1959 (including foundry pig iron). Steel pro- 
national scrap recovery . ; " ; 
Imports + steelworks arisings + duction in Italy is practically all in OH; electric 
national scrap recovery furnaces and converters are much less used. The per- 
Scrap consumption centage of electric steel is striking, particularly when 
compared with the other ECSC countries. However, 
this percentage fell from 41-3°, in 1952 to 37°, in 1955 
although it has remained almost static since. 

Among the firms producing large quantities of 
electric steel (1958 figures) are Falck (263000 tons, 
11-3°,, of total electric steel production), Fiat (243000 
tons; 10-42°,), Dalmine (225000 tons, 9-67°%,), and 
Terni (164000 tons; 7-05°,). National production of 
special-quality steel in 1959 rose to 1331000 tons 

Y ; / representing 19-6°, of total steel production. OH pro- 
Wf Yj yy YY duction accounted for 33°, and 67°, was produced in 
YO tttHti.# electric furnaces. Tables I and II show the types of 

Yyyy fy Uy steel currently produced in Italy. 

Methane gas, which is available in Italy in substan- 
tial quantities is used mainly for firing OH furnaces. 
It should be noted that extraction of methane gas in 
Steelworks arising + national recovery 1958 was 5177-6 million m*. The iron and steel in- 
dustry consumed a total of 700 million m?* of this of 
‘ which a little more than 500 million m*? was used in 
952 1053 1054 1055 1056 steel production. 

YEAR 


: = = 


" 5 
QUANTITY, 10 metric tons 
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6 Scrap supplies 
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2———_ Iron ore extraction * import 


PERCENTAGE 


5 


3--—-—— Consumption of iron ore in pig iron 
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TABLE 1! Types of steel produced in Italy 
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TABLE It! Types of alloy steel produced in 1959 





of sper ial 
Type 108 tons °., of total steels 





80-3 


5431 


O-S809 


Ordinary quality steels 
Special steels high carbon 

alloy 0-522 7°7 
Total 6-762 100 





The five largest crude steel producing firms, Ilva, 
Cornigliano, Falck, Fiat, and Dalmine, contributed 
64-2°,, of the national production in 1958. In 1950 the 
share of Ilva, Fiat, Falck, Dalmine, and Terni (at that 
time Cornigliano did not exist) was appreciably smal- 
ler at 57°. This increase in the degree of concentration 
in the industry is also a natural result of the tendency 
to develop steelmaking processes based on pig iron 
(See Fig.9). 

Cornigliano and Dalmine are also important pro 
ducers of rolled products (see Fig.10). In 1958, 
Cornigliano made half the sheet steel produced in 
Italy and Dalmine was responsible for about 75°, of 
the total Italian tube production. It will be seen from 
the financial situation of the Italian steel industry that 
certain of the steel companies, including some of the 
largest, are ‘state participations’ and administered by 
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Production of rolled steel products 





Type 10° tons % of total alloy 


Constructional 432-3 82-8 
Roller bearing 32-0 6-2 
Stainless 44-6 8-5 
Tool 11-0 2-1 
Special quality 1-2 0-3 
High speed 0-8 0-1 
Total alloy steels according t 


ECSC classification 521-9 100 





the state through the IRI (Institute of Industrial 
Reconstruction) and through Finsider (Societa Finan- 
ziaria Siderurgica) as holding companies for the iron 
and steel industry subordinate to the IRI. 

The large companies which completely or partly 
depend on Finsider are Ilva and Breda, who have 
recently amalgamated, Cornigliano, Terni, Dalmine, 
SLAC, and the iron ore mining company Ferromin. 
Cogne is directly and completely under state control 
In relation to total crude steel production the share of 
the above-mentioned firms in 1958 was 58-8°, and for 
pig iron over 90%, 

There are 61 private firms producing steel and the 
two largest are Falck and Fiat. Among the most 
important medium sized firms are Redaelli, SISMA 
Bolzano, Cobianchi, Bolzaneto, and SAFAU. A 
special case is ATUB in which the state and private 
enterprise each have a 50°, share. 

The recession in production in 1958 did not result in 
any reduction of national steel consumption on the 
home market. In fact apart from a small excess of 
exports over imports production was all consumed 
whereas in 1957 about 7°, went to stock 

Present effective crude steel capacity of the Italian 
works may be estimated at about 8-2 million tons 
annually. By improvements and elimination of exist 
ing bottlenecks it that will 
increase to 9 million tons in a few years. 

A comparison with developments in other ECSC 
countries shows that from 1952 progress in the Italian 
steel industry has been 


is envisaged capacity 


greater In percentage terms 


| 
| 


No.OF WORKS IN ORDER OF IMPORTANCE AS STEEL 
PRODUCERS 
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Degree of concentration in the iron and steel industry 
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than anywhere else. Even so the consumption of steel 
per head in Italy at 130 kg in 1958 rising to 149 kg in 
1959 is still low 


RAW MATERIALS SUPPLIES AND EXTERNAL 
TRADE (see Figs.11 and 12) 


Italy imports larger quantities of raw materials than 
any other large steel-producing country except Japan. 
[ron ore and scrap from home sources cover less than 
half the steel industry's requirements. Iron pyrites 
are, however, available in ample quantities and make 
valuable raw materials, they are used as agglomerates 
in blast- and electric-furnaces for the production of 
pig iron. As Italian coal is not suitable for coking, 
coking coal is imported. Natural gas from the Valle 
Padana, production of which continues to expand, has 
replaced coal and fuel oil in many iron and steel works. 
The raw materials position has made the Italian steel 
industry the first on the European continent to follow 
the modern trend for siting new integrated works 
directly on the coast and the works at Cornigliano is 
an example. 


Fluxes are obtained from home sources. Graphite 
used in the production of electrodes for electric furn- 
aces is available in sufficient quantities. There are 
abundant supplies for refractory production, dolomite 
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in particular is obtained from home sources and only 
small quantities of magnesite and other materials for 
basic linings have to be imported. 

National production of iron ore in 1959 was 
1236000 metric tons (1282700 in 1958). In 1958 
imports of iron ore were 2292381 tons higher than in 
1957. Until 1956 more than 50°, of the iron ore con- 
sumed by the Italian steel industry was mined at 
home; in 1957 this percentage fell to 40°. The Italian 
integrated steelworks tend to increase the percentage 
of imported ore used in the blast-furnace burden for 
the good reason that imported ores, because of greater 
freedom from impurities and high iron content, re- 
quire less coke for the reduction of iron which reduces 
pig iron production costs. The need at a later stage to 
reduce steel prices to meet foreign competition after 
the elimination of the last protective duties against 
ECSC countries on 10 February 1958 accentuated this 
trend. 

The iron-ore deposits in Italy are located in the 
Valle d’Aosta (magnetite), on the island of Elba 
(hematite), on the island of Sardinia (hematite), and in 
the province of Bergamo (siderite). The mined ore is 
enriched in plants located near the deposits to obtain 
ore with an iron content of 45-50°,. The siderite ore 
deposits and other magnetite deposits have a high 
silicon content and the removal of this impurity is a 
ce stly process. 





TABLE It! Sources of iron ore imports to Italy, 1953-8 





Annual 

average 

1954—7, 1958, 
108 108 


tons tons 





Venezuela 127-1 : 681 
Portuguese India (Goa) 219-0 9! 410 
Algeria 57°: 159-0 227 
Turkey 39°79 5 156-8 3 179 
Tunisia 58-3 21-6 180-0 7 177 
Sweden é 5 212-8 *% 168 
India 21-2 ¢ 151 
Brazil 27 3 44 
Greece 5O-: 

Portugal 5-4 

Canada 21 

Morocco 

Other countries 9+: K 51 

Total 3: 100 1126 





The greater part of the home ore (about 82°, of the 
total in 1957) is produced by companies controlled by 
Finsider and Cogne; the rest is mined by Falck and 
Fiat, both private companies. After the war invest- 
ment in the improvement of mining operations and 
plant for the enrichment of iron ore was begun and 
continued after the setting up of the ECSC. 

Iron ore imports from the various sources are set out 
in Table LIL. Venezuela was the main supplier in 1958 
almost doubling its 1957 exports to Italy. Imports 
from Portuguese India (Goa) where Germany and 
Italy (Finsider) are mining important ore deposits under 
concessionary rights showed a substantial increase 
over previous years. Imports from Algeria and 
Tunisia have lost the predominance they had in 1954, 
and those from Sweden declined sharply in 1958 while 
Greece has disappeared as a supplier. 

For coking coal imports, UK held first place from 
1930 to 1934, with Germany second. However, since 
the last war the positions have been reversed. On the 
other hand coal imports in the pre-war period came 
mainly from the USA which occupies the same posi- 
tion today, followed by Germany. 

The increase in production enabled Italy to become 
the eighth largest producer in 1956, which is all the 
more noteable considering that in 1953 she was 
eleventh. Between 1949 and 1957 Italian steel pro- 
ducers made great strides, and a small weak industry 
which had not been developed on modern lines became 
a large integrated production complex. Crude steel 
production of 6787400 metric tons in 1957 enabled 
Italy to progress from eighth to seventh place among 
world steel producing countries coming after the 
USA, USSR, Western Germany, Great Britain, 
France, and Japan. Italy reverted to eight position in 
1958, overtaken by China, although total Italian 
crude steel production fell by 7-6°, to 6271052 metric 
tons, a lower total than in 1957. This fall in steel pro- 
duction followed the world trend. After Western 
Germany and France, Italy is the third largest crude 
steel producer in ECSC, a position which was reached 
in 1957 when production for the first time exceeded 
that of Belgium. 

It should be noted that the decline in crude steel 
production in 1958 coupled with the fact that pig-iron 
production remained almost constant, resulted in a 
slight increase in the pig iron steel ratio (from 0-30 in 
1957 to 0-33 in 1958). It is probable that this ratio will 
increase still further at the beginning of 1960 when new 
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TABLE IV Exports of semi-finished 
products, $10° 


and finished steel 





Imports Exports 





61-7 
96-7 
137-6 
147-2 





blast-furnaces under construction will begin operation 
in existing integrated works. The decline in total steel 
production in 1958 was exclusively due to a decline in 
production of non-alloy steels; production of special 
and alloy steels was much higher than the previous 
year, in line with the growth in the consumption of 
quality steels. Italy, which traditionally had a net 
excess of imports over exports until 1955, showed a 
total net export of steel in 1956 (Table IV). 

In ingot equivalent the export of semi-finished and 
finished steel products was 1064000 in 1958 compared 
with 1053100 tons of steel products imported the 
same year. The big difference in the value of exports 
in 1958 compared with imports clearly shows the 
greater total value of the products exported. 

Steel exports in 1956 were 4-5°, of the value of total 
Italian exports. This percentage increased to 5-4°% in 
1957 and to 5-8°®, in 1958. In 1959 imports recovered 
and the year closed with an excess of imports over 
exports, imports being 1-39 million tons and exports 
1-1 million tons. 

The last Italian import duties on iron and steel 
products originating in the other ECSC countries were 
abolished on 10 February 1958 as provided in the 
ECSC Treaty. On the same date standard duties came 
into force in all the ECSC countries for material 
imported from non-member countries. These factors 
have had an adverse effect on the market, and prices 
have fallen by more than is justified by causes relating 
to the fall in production. The steel industry has to bear 
heavier fiscal charges than the other ECSC industries 

Fully aware of the structural characteristics of her 
steel industry, Italy joined the ECSC with high hopes 
particularly for freedom of trade and assurance of raw 
material supplies. The quality of the ores from within 
the community does not favour imports into Italy and 
in this respect no direct advantage has been obtained. 
Nevertheless the ECSC has created solidarity between 
the various ore users, and this has made possible joint 
undertakings in countries outside Europe which are 
about to vield good results. The Italian and German 
enterprise in the Goan ore fields and Italian, French, 
and German efforts to exploit the ore-fields at Fort 
Gouraud in Mauritania are notable 

The community did not produce sufficient coking 
coal during the transitional period (1953-8) to cover 
all needs and Italy had to increase imports from the 
USA although at times at a greater cost. A compensa- 
tion fund for scrap imported from non-ECSC countries 
enabled the Community to obtain supplies of this 
important raw material at prices maintained at about 
the same level for all the Community countries. 

One important field in which the ECSC has achieved 
good results is in the social field. The foundations were 
laid for greater mobility of labour within the Com 
munity and for the rehabilitation of workers unem- 
ployed as a result of the effects of the common 
market; this aspect is particularly important in Italy 
where unemployment is a serious problem. 
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TABLE V_ Investment in the Italian iron and steel industry, $10° 





1952 1953 1954 1957 1958 1959* 1960* 





s, blast-furnaces, ore 
Plant for steel production 
Rolling mill plant 

Plant for the production of electric power 
Other 

Totals 


Coke oven 5-40 


23-70 


O-81 
10-09 
44-17 


7-63 
10-28 
49°53 
5-67 2°36 
7-98 9-35 
68-72 35-85 79-15 


preparation, et« 14-24 
8°35 
35°55 
4°84 
6-30 
69-28 


5-44 
sY 
10 

‘85 

5*20 

33.48 


58-70 
7-60 
9-80 

105-20 





* Estimated expenditure on projects approved or under construction 


Although the aims of the ECSC are not yet com- 
pletely realized, progress made up to now has been 
substantial particularly if the difficulty of co-ordinat- 
ing six diverse economies by a central authority with 
power limited to two of the 
considered 


sectors economy is 


NEW INVESTMENT, PLANT, AND DEVELOPMENT 

Investment in that part of the Italian iron and steel 
industry: falling within the jurisdiction of the ECSC 
totalled $79-15 million in 1957 and in 1958 investment 
projects approved or begun totalled $69-28 millions. 
The breakdown of investment by the various produc- 
tion divisions in the steel industry is given in Table V. 
It will be sufficient to give figures relating only to the 
so-called ‘Schuman plan’ industries as these are 
covered by detailed statistics and other information 
published by the High Authority in Luxemburg. The 
non-Schuman’ steel industry has certainly not 
marked time and has also carried out investment pro- 
yrammes inspired by the same ideas and motives. 

The structure of the Italian steel industry is still 
based mainly on the use of scrap. Its characteristic is 
an excess of rolling capacity over production of crude 
steel. Projects under consideration for the expansion of 


the industry do not overlook these two important 
aspects of the problem, and much new technical 
equipment has recently been completed and is begin- 
ning to operate. 

The cornerstone of the new post-war development 
was the works at Cornigliano. Present pig-iron produc- 
tion capacity is about 630000 metric tons with two 


blast-furnaces. A third blast-furnace is being built 
with a capacity of 1600/1700 metric tons per day and 
the two existing blast-furnaces will be modified to 
increase their capacity from 900 to 1200 metric tons 
per day. Present steel production capacity is 1-2 
million metric tons annually. Later expansion will 
increase the capacity of the six existing furnaces to 
250° metric per heat through intensive use of 
oxygen for melting and refining. The necessary oxygen 
will be provided by a tonnage oxvgen plant installed 
at the works. The blooming mill with a capacity of 200 
metric tons/h has been replaced by one with a capacity 
of 400 tons h. The present development programme at 
Cornigliano is estimated to cost almost 50000 million 
lire. In 1962 the works should produce 1-5 million tons 
of pig iron and 1-6 million tons of crude steel. 

Among Dalmine’s projects the new works at Costa 
Volpino has begun production. This was completed in 
1958 equipped for the production of quality tubes, 
with a Pilger mill, another continuous mill with two 
cold-rolling mills, and a cold-drawing department. 

In 1957 the works of Sabbio- Bergamasco came into 
operation for the production of special tubes and 
manipulated pipework. The production of tubular 
constructions which were previously manufactured at 


tons 
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Dalmine has recently been concentrated there. 

The works of Torre Annunziata began operation in 
1955 producing only electrically welded tubes, and in 
1958 a welding plant for light tubes for artificial 
irrigation and furniture was installed. In the second 
half of 1959 the new continuous mill for the mass pro- 
duction of small diameter tubes began operation. 

Post-war technical improvements at the works of 
AFL Falck include an increase in capacity and 
productivity of the plants for the production of pig 
iron in the electric furnace (closed gas recuperation 
furnaces) through the modification and enlargement of 
the furnaces and the installation of higher capacity 
transformers. Present pig-iron production is LS000 
tons per month. The company has completely modern- 
ized the electric steelworks replacing the six old 
Heroult furnaces by four new Lectromelt furnaces of 
55 tons capacity to achieve a production of over 
30000 tons/month compared with 10000 tons with the 
old furnaces. The OH steelworks has also been en- 
larged by the reconstruction and increase in capacity 
of the furnaces. In both steelworks the use of oxygen 
in refining has been introduced with satisfactory 
results. Particularly successful experiments have been 
carried out with the use of oxygen in the bath injected 
through the burners. This process, which is particu- 
larly effective when combined with a 30-40°, hot 
metal burden, has achieved further increase in furnace 
capacity of 20-80%. An oxygen plant is 
installed. 


being 


Existing rolling-mill plant has been extended and 
replaced to meet increased demand for plate, partly 
for the home and export markets, and partly to feed 
the new large welded-tube department with a capacity 
of 8000 tons/month. A new four-high mill (Mesta) has 
been installed with the necessary reheating furnace 
and finishing plant with a productive capacity of 
about 25000 tons/month. An old rod mill has been 
replaced by a new continuous mill (Birdsboro) with a 
capacity of over 10000 tons month. A new works has 
been established at Arcore for the production of seam- 
less tubes. This consists of a mill for the production of 
tubes from 1 to 8 in, (automatic plug mill) and two 
extrusion plants (mechanical, vertical, extrusion 
presses) for the production of seamless tubes from 
3 to 2 in. The hot rolling mills at the Vobarno works 
have been completely modernized by the installation 
of three new mills for the production of light and 
medium sections. There has been a big expansion in 
the production of welded tubes from strip through the 
purchase and construction of new high-capacity weld- 
ing machines at Vobarno and Milan (Porta Romana). 
A new works for the production of cold-rolled strip has 
been installed and is being extended. In particular, 
the production of low- and medium-loss electrical 
sheets (1000 tons/month) and other special products 
has been developed. 





In further processing the two wire mills for high- 
and low-carbon steels have been modernized and the 
fabrication and production of wire for prestressed 
concrete and high-tension cables has been expanded. 
With new plant the production of covered electrodes 
for welding has been developed and capacity for iron 
castings has been increased at Dongo. To cover in- 
creased consumption of electric power the company 
has completed new projects in the hydro- and thermo- 
electric field which has doubled capacity. 

Modern plant of the Fiat Company includes two 
electric furnaces for pig iron (Tysland-Hole) each 
100 ton/day and 10000 kW; three OH furnaces (one 
Maerz and two Bressert), 100 tons/heat each and 
3-50-ton Fiat-type OH furnaces operating on methane 
gas; three 60-ton electric furnaces for Lectromelt-type 
steel and one 30-ton furnace of the same type all using 
charging boxes; two electric induction furnaces one of 
2000 kg and one of 500 kg. Two reversible mills are 
important, one 1100 mm and one 950 mm; five hot 
continuous bar, strip, and wire mills; two modern con- 
tinuous bar and strip mills; a complete plant for the 
production of hot and cold rolled stainless steel sheet, 
and a plant for producing seamless and welded tubes; 
a cold mill for 1-8-m wide strip. 

Among Fiat’s other large new projects is the iron 
and steelworks at Vado, which will be completed in 
stages in two self-contained sections. One will be an 
integrated works producing 900000 tons of pig iron 
and 800000 tons of steel annually; the other will be a 
plant for the direct reduction of iron ore and will have 
an annual capacity of 300000 tons. 

Recent projects of Ilva at the Bagnoli works near 
Naples include a continuous cold-strip mill (Loewy) 
for widths of 80-350 mm, commissioned at the begin- 
ning of 1958. Present capacity on one shift working is 
10000 tons/month of strip in coils which can be doubl- 
ed with additional plant, e.g. reheating furnaces. A 
large part of the strip is despatched to Dalmine’s works 
at Torre Annunziata for the production of welded 
tubes (Yoder system). At the Bagnoli works a third 
coke-oven plant integrated with the existing plant has 
begun production. 

In the first days of March 1960 a blast-furnace of 
1200 metric tons/day capacity began production. 
This is in addition to the three smaller blast-furnaces 
in operation whose total capacity is about 1 200 metric 
tons day. The new installations will raise the produe- 
tion at Bagnoli to 850000 metric tons a year, double 


the previous pig-iron figure. The greater availability of 


pig iron will be used partly to increase Bessemer steel 
production, from 350000 tons at present to 600000 
tons, and in particular for the production of OH steel 
using a liquid burden. 

At the Piombino works of Ilva a blast-furnace of 
capacity 900 tons day is being constructed to supple- 
ment the capacity of the two existing furnaces and 
will be completed in 1960. With this additional plant, 
present annual capacity of 560000 metric tons of pig 
iron will be increased to about 900000 tons. 

Greater concentration of production at the various 
works and greater product specialization has also been 
achieved. A heavy plate mill began operation at 


STAC in 1956. The mill with an annual capacity of 


190000 metric tons (two-shift working) produces 
heavy plates of widths up to 3600 mm, 2-5 m length, 
from 5 to 200 mm thick. The works has a vacuum- 
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casting plant of the Bochumer-Verein type. The plant, 
which includes a pumping station for production of 
the vacuum and a large vacuum chamber for casting, 
allows production of ingots of up to 150 tons and also 
the degassing of steel for castings. 

The works at Terni has plant for the continuous 
casting of steel billets, and results are considered satis- 
factory. Casting capacity is 70 tons/h, and the plant 
has eight strands (Junghans-Mannesmann system) for 
the production of billets from 140 mm * 140 mm and 
110 mm 110 mm for rolling into rounds and light 
sections with automatic flame cutting of the billets 
into 3-m lengths. A vacuum-casting plant was recently 
installed. This process carries out degassing of molten 
steel to adapt the quality of the forgings to the in- 
creasingly stringent modern mechanical inspection 
requirements, particularly of high-quality products 
such as turbine rotors and the increasingly large forg- 
ings used in heavy industry 

The plant mill produces ingots up to 200 tons and 
consists of a large degassing chamber weighing about 
37 tons with a diameter of 4-2 m and a height of 7-2 m 
The ingot mould is placed inside on a refractory-lined 
mould table. The cover weighing about 25 tons has 
inspection ports for controlling casting and there are 
ports in the housing for the seal between the cover and 
the intermediate casting ladle. The vacuum required 
for degassing the steel is created and maintained inside 
the degassing chamber by a system of vacuum pumps 
in the evacuation pipe into which is inserted a receiv 
ing filter with a 2 m dia. and 4-2 m height. The stages 
of the system are made up of two type-56 Roots 
Rubac pumps for reducing from 7500 m*/h to the 
pressure of 5 x 10° Torr, two type-45 Ruvac pumps for 
reducing from 3000 m%/h to 5» 10-2 Torr, and four 
type-S 720 Leybold air-compression pumps reduce 
from 720 m*/h to atmospheric. pressure. Finally there 
are tongs for extracting the 200-ton ingot from the de 
gassing chamber 

Terni also has two new one for 
Fe—Si and one for pig iron which has a rotating hearth 
Both have continuous Soderberg electrodes installed 
under licence from Elekrochemisk of Oslo. The electric 
furnace is provided with a sinter plant of the Dwight 
Lloyd continuous-belt type. 

Following a recent government decision an integrat- 
ed iron and steel works is to be constructed in Southern 
Italy. The works will be begun in 1961-2 and will come 
into operation in 1964-5 when it is estimated that 
capacity will be close to meeting the forecast demand 
Studies of long-term demand made by the industry 
have confirmed that at that time the expansion of 
existing plant will result in a production of 9-5 million 
metric tons of crude steel a year which would be 
sufficient to cover estimated demand in 1965 and 
following years. 

This works, which will be located in the coastal area 
near Taranto under the terms of the laws designed to 
favour this area, will have a productive capacity of not 
less than 1 million tons and possibly more, and will be 
completely integrated and equipped to produce types 
of steel for which demand is expanding. 


electric furnaces 


This steelworks is intended by the government as a 
special contribution to the economic development of 


the South and is thus an essential element in the 
Italian industrial complex giving a massive impulse to 
Italian steel capacity. 
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TWELFTH HATFIELD MEMORIAL LECTURE 


Phenomena occurring in the quenching 


and tempering of steels 


G. V. Kurdjumov 


I wish to express my thanks for the honour you have extended to me in inviting me to 
deliver the Twelfth Hatfield Memorial Lecture. I know that having chosen for this lecture 
such a wide subject as the quenching and tempering of steels I have taken upon myself a 
very difficult and complicated task. However, I am encouraged by the fact that, although 
many problems remain, both the general nature and many details of the quenching and 


tempering processes can now be described in terms of our general physical ideas of the 


phe nomena occurring in solids, 


Problems associated with quenching, such as the 
nature of martensite, the reasons for the high hardness 
of quenched steel, and the nature of the austenite 
martensite transformation used to be considered the 
most complicated and uncertain in metallography. 
From Sauveur’s report in 1926 on “The current theories 
of the hardening of steel’! thirty vears later one can 
see how contradictory were the ideas of metallurgists 
about these phenomena. But in the three decades that 
have elapsed since that time the situation has been 
completely changed. The decisive factor in this change 
has been the application of X-ray structural analysis. 
This has enabled the crystal structure of quenched 
steel and its detailed changes at different stages of 
tempering to be determined, and has made possible 
the study of the atomic mechanism of the phase trans- 
formation on quenching and tempering. 

In choosing this subject for the lecture I had also in 
mind a further purpose. In the USSR problems of 
quenching and tempering of steels have been the sub- 
ject of many investigations by physicists, and although 
some progress has been made in these investigations, 
many of them are not known in the UK and other 
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countries. Therefore while giving a general account of 
the quenching and tempering of steels, at the same 
time I wish to outline some of the results obtained in 
the laboratories with which I have been connected. 

To my colleagues working in the same fields I 
apologize for not acknowledging here all those who 
have made valuable contributions to the solution of 
the problems under investigation. 


QUENCHED STEEL 

The nature of martensite 

The special properties of steel obtained as a result of 
quenching are determined by the appearance in the 
cooling process of martensite, the main structural con- 
stituent. In each grain of initial austenite a large num- 
ber of martensite crystals develop, usually having the 
form of plates. The thickness of these plates is less by 
at least an order of magnitude than their other dimen- 
sions. The size of the martensite crystals depends upon 
the state of the austenite grains, and the more uniform 
and perfect the crystal structure of the austenite, the 
larger are the martensite crystals. If the austenite 
grain structure is very non-uniform and there are im- 
perfections in the crystal structure, the martensite 
crystals can be very small. The martensite has a body- 
centred tetragonal lattice not very different from that 
of the cubic z-iron, the difference between them de- 


9 


pending on the carbon content of the steel.*-4 

















Dependence of the arial ratio c/a of the tetragonal lattice of 


martensite upon carbon content 


The important results on the effect of quenching 
conditions on the lattice parameters of martensite?~® 
are 


(i) if the quenching is carried out from the single- 
phase austenite field and the cooling rate is 
sufficiently high to prevent the decomposition 
of austenite and the tempering of martensite 
during the quench, then the lattice constants a 
and ¢ are independent of the quenching tem- 
perature and cooling rate, and depend only on 
the carbon content. The dependence is 


( a O-LIS p 


a=a,—O-O15 p 


(c/a) = 1-0-0467 p 


where p=wt-°,C, and a,—2-861 A, is the lattice 


constant of x-iron® 


(ii) the lattice constants do not depend on the 
carbon content if the quenching is carried out 
from the same temperature in a heterogeneous 
field 


From these experimental data it follows that 


(i) martensite is a supersaturated solid solution of 
carbon in z-iron 


ii) the martensite lattice constants are determined 
by the carbon content of the initial austenite 

(iii) martensite contains In solid solution the same 

quantity of carbon as is dissolved in the initial 

austenite: transformation of austenite into 

martensite is a diffusionless process. It occurs 

without change of concentration of the solid 
solution, and only a change of lattice results 


In martensite as in austenite the carbon atoms are 
distributed in the interstices of the lattice. They are 
located at {O03 | 
the direction of the tetragonal axis*; carbon atoms are 
distributed in these interstices at random. The mar- 
tensite lattice has a definite orientation relationship to 
the austenite,? which can be expressed by 


(111})4 


and [44zero] between iron atoms in 


(OLD)m 


fifi m 107 A 
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TABLE | Axial ratio of the tetragonal lattice of martensite in 
quenched alloy steels with carbon contents less 


-@0/ 12 
than 0-6°, 





Content, 


0-25 
0-31 
0-35 
0-44 


0-57 





Peculiarities of the structure of quenched low carbon steel 

In carbon steels containing less than 0-6°,C partial 
tempering of martensite occurs even with the most 
drastic quenching.® Untempered martensite is, how- 
ever, readily obtained in hypereutectoid steels. As the 
carbon content is lowered, the cooling rate must be 
steadily increased to obtain undecomposed martensite. 
This is because the martensite start point (M,) in- 
creases with decreasing carbon content, while the rate 
of martensite decomposition increases quickly with 
temperature. The degree of decomposition for various 
martensite crystals is different the trans- 
formation extends over a large temperature range. As 
a result, the structure 
uniform, 4,°,8,10 


because 


tetragonal becomes non- 


Undecomposed martensite with an axial ratio 
depending on the carbon content as in plain carbon 
steels (Fig.1), can be obtained in steels having less than 
0-6°.,C by adding alloying elements which lower Mg. 
For example, in a steel with 0-53°,C and 1-9°,Mn 
undecomposed martensite can be obtained with the 
doublets arising from the tetragonality separated on 
an X-ray photograph.'! By introducing a suitable 


quantity of manganese and nickel, undecomposed 


martensite is obtained on quenching steels with 0-5 
0-2°.C.!* Table | shows the results of the determina- 
tion of c/a. Undecomposed martensite was recently 
observed by the same method in steels containing 
0-32 and 0-44°C and about 19°, Ni.!° 

However, the question of the martensite crystal 
structure in steels containing 0-2—0-5°9.C 
considered as 


cannot be 
using single crystals*.!% 
the reflection (002) in the 
absence of reflection (200), and vice versa. It was found 
that in containing 0-2-0-5°°C the reflection 
(O02) was divided even when the possibility of decom- 
position was excluded owing to the low M,.!* This can 
be explained by that 
crystals are tetragonal and some cubic 


solved By 
we were able to obtain 


steels 


supposing some martensite 
Krom the 
ratio of the intensity of the spots it follows that the 
quantity of crystals with the tetragonal lattice is not 
large at 0-2°,.C, but it increases with the carbon con- 
tent in the range 0-2°,-0-5°..C. The existence of two 
lattices of the martensitic phase is well known in the 
6’ and y’ phases of alloys of Cu-Al or Cu-Sn.*° The 
question of the simultaneous presence of cubie and 
tetragonal lattices in the supersaturated solid solution 
of carbon in z-iron in low carbon steels is still being 
investigated. 

The rate of martensite decomposition is determined 
not only by the mobility of the atoms, which quickly 
increases with temperature, but the driving 
force for decomposition, which becomes less when the 
supersaturation of the solid solution decreases. There- 
fore in plain carbon steels with about 0-1°,C and less, 


also hy 
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low-carbon steels quenche d from 1000°C into ice d water, as a 


line breadth (8,,,) and coercive force (Ho) in 


function of carbon content™! 


although M, is relatively high (about 500°C), un- 
decomposed martensite can be obtained provided the 
quench is sufficiently drastic. This is shown by the 
dependence on carbon content both of the breadth of 
X-ray diffraction lines, and of the hardness (Fig.2).!° 
Similar relationships have been observed in low carbon 
steels containing manganese or chromium (Fig.3). 
Undecomposed martensite of about 0-1°%C can be 
obtained much more easily by adding elements raising 
the stability of the x solid solution.'*:!® For example, 
in steels containing titanium, vanadium, or molyb- 
denum the decomposition of martensite on tempering 
shifts to relatively high temperatures (450—500°), 
Fig.28). Obviously, to obtain undecomposed marten- 
site on quenching such steels it is not necessary to have 
very drastic cooling in the temperature range below 
M,, nor is it necessary to add elements that decrease 
M,. For these steels the difficulty is to create con 
ditions for supercooling austenite to Mg, i.e. for pre- 
venting the precipitation of ferrite, or for preventing 
normal y—>« transformation at high temperatures. 
These processes may be prevented either by a suffi- 
ciently high cooling rate in the temperature range A, 
to M,, or by introducing elements preventing y—>« 
transformation with normal kinetics.'*.'* The rate 
of normal y—>« transformation can be also decreased 
to a great extent by removing (or making ineffective) 
the imperfections of the crystal structure of austenite 
induced by the transformation on heating, and which 
promote the formation of nuclei of the « phase on 
subsequent cooling. These imperfections may be 
removed (or made ineffective) by heating austenite to 
a sufficiently high temperature.!® Thus by quenching 
from 1150°C and higher, we were able to prevent the 
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formation of ‘normal’ g-iron nuclei and make the 
y->« transformation proceed martensitically in iron 
containing less than 0-01°,C.*° The iron quenched in 
this way showed the same hardness and line breadth 
as after heavy cold work (Fig.4). 

The lattice of pure iron martensite is obviously the 
same as that of annealed iron, and crystals of the 
martensite differ from the annealed material only 
because of the micro- and submicrostructure (distor- 
tions of erystal structure). The difference in structure 
is caused by the difference in the mechanism of forma- 
tion. The martensitic mechanism of transformation 
leads to a state similar to that obtained as a result of 
cold work.?°,?6 


In the presence of carbon the martensite crystals 
differ from annealed «-iron not only in physical state, 


1000° 


Hy2!20 


4 Hardness (Hy) and intensity distribution in Ka,—Ka, lines 
of (220) reflections (Fe-radiation) of «-iron containing about 
0-01%C, after different heat-treatments. Iron drastically 
quenched after heating above 1150° has a martensitic micro- 
structure; the hardness and line breadth are almost the same 
as for cold worked iron 





Low 0 


§ X-ray photograph of martensite pou der electrolytically extracted from a quen hed steel 


but also because of the presence of carbon in solid 
solution. Up to a certain content of dissolved carbon 
the martensite lattice remains cubic. In this, carbon 
atoms are randomly distributed in the lattice between 
iron atoms along the three cube axes. The martensite 
lattice probably remains cubic even with 0-1%,C, 
although this could not be determined by direct 
measurements of lattice constants. The lattice is 
distinctly tetragonal with a content of 0-2°,C,!* so 
that it seems that regularity in the distribution of 
carbon atoms and so the tetragonal symmetry of the 
martensite lattice, appears between 0-1°, and 
0-2%C. 


Imperfections in the structure of martensite crystals 

The diffuseness of lines and their low intensity in 
X-ray patterns of quenched steels shows that marten- 
site crystals have a very imperfect structure. In 
investigating these peculiarities of the X-ray diffrac- 
tion picture the use of austenite single crystals! and 
of electrolytically extracted martensite powder??~?4 
have played an important role. With the former, a 
regular orientation relation between the martensite 
and austenite lattices makes it possible to avoid 
difficulties connected with overlapping of the doublet 
components due to tetragonality and to select for 
investigation more favourable reflections.*! The study 
of extracted martensite powder showed that the 
isolated martensite crystals have a tetragonal lattice 
with the same dependence of lattice constants on 
carbon concentration as in quenched specimens, but 
that the diffraction lines of the martensite powder are 
much sharper (Fig.5). The first fact shows that the 
lattice constants of martensite are determined only by 
the presence of dissolved carbon, and there is no con- 
nexion whatsoever with the stresses. The increased 
resolution of the X-ray pattern enabled us, first, to 
understand the nature of the microstresses causing 
considerable line broadening, second, to obtain more 
reliable data on the dimensions of coherent regions in 
martensite crystals, and -third, to make 
measurements of the intensity of lines.*3.?9 


recise 
| 


Regions of coherent X-ray scattering and the elastic 
deformations of martensite crystals (microstresses) 


The angular dependence of line broadening in marten- 
site showed that the reasons for diffuseness are (a) the 
presence of microstresses (non-uniform elastic defor- 
mations of microregions) and (6) the small size of the 
regions of coherent X-ray scattering.*! The latter, 
within the precision of measurement, does not depend 
on the carbon content and is about equal to 200-300 A 
both for carbon-free martensite?®.??7 and high carbon 
martensite.?!.23 The dimensions of these regions can 
be estimated more reliably by measuring the line 
breadth of extracted martensite powder. In this case 
the broadening is determined almost entirely by the 
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ontaining about I 


small size of these regions and it is proportional to 
the secant of the angle of reflection.?% 

When the martensite crystals are separated, that 
part of the line broadening which is proportional to the 
tangent of the angle of reflection disappears. For steels 
with high carbon content this part may be quite large 
For example, the breadth of the (220) line of a bulk 
specimen of quenched steel is greater than 100 mrad,*! 
but after separation of the martensite crystals this 
breadth falls to 20-30 mrad (Fe radiation).?% 

From these data it was concluded that the line 
broadening which is proportional to the tangent of the 
angle of reflection is determined by the non-uniform 
elastic deformation of the martensite crystals (e.g. the 
bending of martensite plates) caused by the mutual 
constraints exerted by the crystals on one another. On 
releasing martensite crystals from their surroundings 
the forces causing their elastic deformation disap- 
pear.*° The magnitude of the elastic deformation 
4a/a of a martensite crystal in quenched steel in- 
creases greatly with increasing carbon content. In a 
steel containing 0-1°,C it is between about 2-5 « 10-4 
and 3x 10-%, i.e. it is considerably higher than the 
elastic deformation of microregions in cold-worked 
iron (~1 x 10-3). With high carbon content the elastic 
deformation may increase to about 10~?. 

Thus, the small size of the coherent regions is one of 
the internal characteristics of martensite crystals; it is 
the same whether a martensite crystal is in a bulk 
specimen of quenched steel or separated from it. But 
the non-uniform elastic deformations are not them- 
selves inherent characteristics of the internal structure. 
They arise because of mutual constraints caused by 
the shape changes of microregions during the trans- 
formation, and they disappear when the martensite 
crystals are extracted. 

However, the maximum value of the elastic defor- 
mation of martensite crystals of a given steel is a 
measure of the mechanical properties of these crystals, 
first of all of their elastic limit. The analysis of line 
broadening thus shows that the elastic limit of mar- 
tensite crystals increases rapidly with increasing 
carbon content the thickness of martensite 
plates is of order of 10-4 cm, there are about 100 
coherent regions in the plate thickness, so that these 
regions are deformed practically uniformly.?° 


Since 


Static displace ments and thermal vibrations 


The presence of carbon atoms in the interstices of the 
iron lattice leads to a displacement of the iron atoms 
from their ideal positions. Obviously this displacement 
must be largest for the which 
neighbours of carbon atoms. Also the displacements in 
the direction of the tetragonal axis must be consider- 
ably larger than those in perpendicular directions,® 
because of the difference in average distance between 
iron atoms along the c and a axes revealed by the 


atoms are nearest 
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dependence of the lattice constants on the carbon 
content. This behaviour is in accordance with the 
conjectured co-ordinates of carbon atoms in the mar- 
tensite lattice; the distance between carbon and iron 
atoms along the ¢ axis is considerably less than that in 
the perpendicular plane. 

Determination of the mean square displacement of 
the iron atoms from their ideal positions by measuring 
intensities confirms this supposition.?*.?° According 
to data obtained from separated martensite powder 
(Fig.6) the mean square displacement along the ¢ axis 
appears to be twice as great as that along the a axis.*% 
Figure 7 shows the variation with carbon content of 
the mean square displacement of iron atoms (not 
taking in account anisotropy), obtained by measuring 
intensity using molybdenum radiation. 

The presence of carbon atoms dissolved in the «-iron 
leads not only to a static displacement of atoms in the 
martensite lattice but also changes the interatomic 
forces. Thus the mean square thermal displacement of 
atoms increases with the carbon content at a given 
temperature (Table IT).3° 

Figure 8 shows the results of determinations of the 
Debye characteristic temperature from data on the 
intensity of martensite lines at room temperature and 
at the temperature of liquid nitrogen. In accordance 
with this, ‘Young’s modulus for quenched steel 
decreases with increasing carbon content (Fig.8, 
upper curve).*! 
NATURE OF TKE 
STEEL 
There are two kinds of structural features associated 
with quenched steel.?° First, the martensitic mechan- 
ism of growth results in a particular fine micro- and 
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TABLE 1! Mean square dynamic and static atomic displace- 
ments in martensite lattices with different carbon 


content 





Carbon 


content B, % 0, °K V uain, A a/u*st, f 





O-115 
0-114 
O-1l14 
0-126 
0-133 
0-136 


0-045 
0-057 
0-059 
0-O85 
0-100 





submicrostructures; a large number of martensite 
plates lie within each austenite grain (in low carbon 
steel austenite transforms almost completely), and 
there are coherent regions of submicroscopic size 
inside the plates. There is also a non-uniform elastic 
deformation of the plates and a regular orientation of 
martensite to austenite. Second, owing to the diffu- 
sionless character of the martensite transformation 
the martensite crystals consist of a supersaturated 
solid solution of carbon in x-iron existing only in a 
metastable state. 

Structural changes of the first kind, which are not 
dependent on the presence of carbon, have the same 
effect on mechanical properties as cold plastic defor- 
mation. Thus, the increase in strength of quenched 
pure iron or ferrous alloys (if the y—« transformation 
occurs as a purely martensitic one) is nearly the same 
as that caused in these materials after heavy cold 
work. Quenching carbon-free iron, like cold working, 
leads to a different micro- and submicrostructure com- 
pared with annealed «-iron, but not to any difference 
in chemical composition. The mechanical properties of 
the lattice itself are therefore those of the carbon free 
annealed x-phase. 

The situation is quite different when steels are 
quenched, for this not only leads to a fine micro- and 
submicrostructure but also alters the properties of 
crystals themselves in small regions, because of the 
formation of a supersaturated solid solution of carbon 
in the «-phase. Owing to the carbon in solution the 
limit of elastic deformation rises rapidly with 
increasing carbon content, and this high elastic limit 
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steel and the magnitude of the microstrains 


of the martensite crystals is a fundamental cause of 
the high hardness of quenched steel. Thus the quench- 
ed steel possesses considerably higher hardness than 
cold worked iron, or iron quenched to obtain mar 
tensite. 

The influence of the properties of martensite 
crystals on the strength can be clearly seen by con- 
considering the properties of quenched low carbon 
steels. Figure 9 shows the relation between the hard- 
ness of quenched low carbon (0-03-—0-12°%C) steels and 
the value of the elastic deformation in microregions 
(microstrains) obtained from the measurements of line 
broadening.!®!.33 This proportionality between hard- 
ness and microstrains might be treated as an influence 
of microstrains themselves’ on hardness. But many 
observations suggest that such properties as yield 
point and hardness remain the same while micro- 
strains vary within wide limits, if the micro- and sub- 
microstructure do not change. A special investigation 
confirmed this point (Fig.10).3* Values of the micro- 
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10 Changes in the characteristics of fine structure and in the 
strength of Fe-Ni (25%Ni) after heating at 
different temperatures**, o,-yield stress, D-size of regions 
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11 Changes in the 
Fe—Si alloys. 


hardness and microstrains of cold worked 
and of the 


content, D-size 


hardness of annealed alloys, as « 


function of Si of regions of coherent X-ray 


scattering 


strain Jaja determined from measurements of line 
breadth, can be considered as characteristic of the 
elastic limit of crystals in microregions. The above- 
mentioned increase of the hardness with Ja/a (Fig.9) 
is therefore due to the increase in the strength of the 
crystals in microregions, but not due to the presence 
of microstrains 4a/a themselves.?°,2®,33 

These ideas on the importance of the effect of the 
elastic limit of crystals in microregions on the strength 
of metals (after martensitic transformation or cold 
work) were confirmed by an investigation of iron 
silicon alloys.** Figure 11 shows that the hardness and 
microstrains Ja/a of cold-worked alloys increase with 
silicon content, in parallel with a rise in the hardness 
of annealed alloys. 

Thus the increase in the strength of steel as a result 
of quenching is determined first by the formation of a 
fine micro- and submicrostructure, and second, by the 
high elastic limit of the martensite crystals themselves, 
associated with the presence of dissolved carbon. The 
first factor makes a contribution which depends 
slightly upon carbon content. The second factor makes 
a contribution to the strength of quenched steel which 
increases with the carbon content, and is the main 
cause of its high hardness.?° 


NATURE OF THE AUSTENITE-MARTENSITE 
TRANSFORMATION 

If steel is rapidly cooled from a high temperature the 
decomposition of austenite by diffusion process is pre- 
vented, However, austenite in plain carbon steel can- 
not be completely supercooled to room temperature 
because the martensite transformation intervenes. 
This transformation of austenite to martensite 
(A—-M) has a number of peculiarities sharply dis- 
tinguishing it from other types of transformation in 
the solid state.*4-37 The A->M transformation was the 
first one in which these peculiarities were found, but 
we now know that transformations having particular 
characteristics of the A--M transformation take place 
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CONCENTRATION 


I, temperature of metastable equilibrium between the 
two crystal modifications of the solid solution 

M, start of martensitic transformation on cooling 

Ag, start of reverse martensitic transformation on heating 


12 Schematic diagram of ‘reversible’ martensite transformation 


in many metals and alloys, and that this type of trans- 
formation is predominant in temperature ranges where 
diffusion is slow. All transformations of this type are 
now called martensitic. 

The main characteristic of martensitic transforma- 


tions is a special mode of formation of the crystals of 


the new phase, consisting of a co-operative regular 
rearrangement of atoms in which the relative displace- 
ments of neighbouring atoms do not exceed the inter- 
atomic distance; and as a result of the rearrangement 
of the atoms a macroscopic shear is produced.**.3* 
This shear is revealed by the relief produced on a 
polished surface by the transformation. The co-opera- 
tive and regular character of the atomic rearrangement 
makes it possible for the transformation to proceed 


(a) Relief arising from the 
martensitic y->« transfor 
mation when a polished 
specimen was cooled in 
liquid nitrogen 

)} The same specimen repol 

ished, heated to 600°C and 
quenched in water; the 
figure shows the relief 
caused by the reverse 2—>y 
transformation, 

The markings in the two 
photographs are reversed, hills 
becoming vallevs and vice 
versa. Thus similar shears are 
involved in the two transform 
ations but they are in the 


opposite sense 


‘Reversible’ martensitic transfor- 
mation in an Fe-30°,Ni alloy*® 
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in a temperature range where diffusion is very slow. 

The shearing character of the lattice rearrangement 
causes large elastic deformations during the growth of 
martensite crystals and it suggests, among other pe- 
culiarities, that stresses will be important in the 
kinetics of martensitic transformations. 

Metallurgists have for a long time been very inter- 
ested in the nature of the A->M transformation, not 
only because this transformation is connected with the 
important problem of the hardening of steel by 
quenching, but also because of its unusual character 
To understand the transformation it is necessary to 
make clear the nature of the driving forces and the 
mechanism of formation of martensite crystals. We 
have also to find out the causes of the following main 
features of the kinetics: (a) the high rate of formation 
of martensite crystals and the absence of their further 
growth, and (6) the rapid damping of the process of 
formation of new martensite crystals when cooling is 
stopped, and the fact that the transformation extends 
over a temperature range. 

We have also to explain such other phenomena as 
the stabilization of austenite, the anomalous influence 
of the cooling rate on transformation, and the forma- 
tion of martensite by plastic deformation. 


Factors causing the transformation 

The martensitic transformation of austenite occurs, as 
do all other phase transformations in the solid state, 
because below a definite temperature there exists a 
structural state of the alloy with lower free energy. 
Since martensitic transformation proceeds without 
change of concentration, it can be treated as a trans- 
formation in a one-component system.*° Austenite 
and martensite are crystal modifications of the solid 
solution similar to polymorphic modifications of pure 
metals or chemical compounds.® The free energy of 
each of these modifications (F, and Fy) is tempera- 
ture dependent, and the intersection point of the free 
energy curves gives the temperature T, of metastable 
equilibrium between austenite and martensite. This 
point is determined by the chemical composition of 
the solid solution and can be calculated if the thermal 





(a) After quenching 
in water from 
680°C, polishing 
and cooling in 
liquid nitrogen; 
relief caused by 
the Bp” trans- 

formation is 
shown 

Same specimen 
after repolish 
ing, heating for 
5 s at 200°C 
and quenching 
in water; relief 
is caused by th 
reverse B”-+B 
transformation 
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properties of both modifications of the solid solution 
are known.°9.4 

If the solid solution does not decompose by diffusion 
a driving force arises below T, which makes the trans- 
formation possible, and the greater the free energy 
difference between austenite and martensite (F,—Fy) 
the higher the driving force. However, transformation 
does not start immediately below T,, but only at M, 
which is considerably lower (about 200°C in steels), 
(Fig.12). When martensite is heated above T, the 
reverse transformation must be expected. 

The reverse transformation of the martensite phase 
directly to that which is stable at high temperature, 
was first observed on heating the £’-phase in Cu—Al 
alloys.4!;42 Favourable conditions here are a small 
rate of decomposition of the solid solution and a com- 
paratively small hysteresis of transformation. The 
martensitic character of the reverse transformation 
was proved later.43-44 Owing to the high rate of 
decomposition of the supersaturated solid solution of 
carbon in a-iron, it is very difficult to observe the 
reverse transformation in steel even at extremely high 
rates of heating. However, the martensitic x—>y trans- 
formation on heating can be easily obtained in ferrous 
alloys. Both on heating and cooling, martensitic trans- 
formation leads to relief on a polished surface (Figs.13 
and 14). 

The large hysteresis in the martensitic transforma- 
tion makes experimental determination of T, difficult. 
The main reason for this large hysteresis in a ‘rever- 
sible’ martensitic transformation is the energy of 
elastic deformation arising when the crystals of mar- 
tensite form: extensive supercooling (or superheating) 
is necessary to make the free energy difference between 
both crystal modifications large enough to compensate 
this elastic energy. 

Martensite can be produced from austenite at 
temperatures above M, by plastic deformation, but 
the farther above M, the temperature of deformation, 
the greater is the amount of plastic deformation 
needed. At temperatures above Mg, characteristic for 
a given alloy, it is impossible to produce martensite by 
means of plastic deformation.** Our conception of the 
driving force of transformation implies that plastic 
deformation can stimulate the A->M transformation 
only below T,, i.e. in the temperature range in which 


Oo 
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martensite is thermodynamically more stable. At 
temperatures above T, plastic deformation must cause 
the reverse M->A transformation. Observations of 
A=M transformations caused by plastic deformation 
have been used for the experimental determination of 
T, as a function of composition in Co-Ni and Fe—Ni 
alloys.49-49 Thus stresses play a big role in the A->M 
transformation, but cannot by themselves be con- 
sidered as the reason for it. They do not govern trans- 
formation but are an important factor influencing 
its kinetics. 


Mechanism of the A--M transformation 


Formation of martensite crystals regarded as a 
rearrangement of atomic packing 


The martensitic transformation, involving the forma- 
tion of crystals of a new phase inside those of the initial 
one, must proceed like all other processes of a similar 
kind, by means of the formation of nuclei and their 
subsequent growth. The experimental data about the 
A->M transformation, particularly the analogy be- 
tween martensite transformation and mechanical 
twinning,*® and the strictly regular orientation rela- 
tionship,® led to the above-mentioned conclusion that 
the growth of martensite crystals consists of a regular 
diffusionless rearrangement of the lattice in which the 
relative displacements of neighbouring atoms do not 
exceed the interatomic distance.3*.59.35 This conclu- 
sion was confirmed by the observation that ordered 
solid solutions remain ordered after martensitic trans- 
formations. From the mechanism of transformation 
the coordinates of atoms of both elements could be 
calculated and then verified experimentally (y‘-phase 
in Cu—Al.and «’-phase in Cu-Zn .°!~5 

The idea of cooperative regular rearrangement of 
atomic packing explains the high rate of formation of 
martensite crystals at low temperatures. This lattice 
rearrangement must take place in such a way that 
shears occur; as already mentioned, these are studied 
by ‘investigating the micro-relief caused on polished 
surfaces by transformation.**: 47.35 The details of the 
atomic,mechanism of formation of crystals of marten- 
sitic phases can be derived from the experimental 
observations of lattice relationship, habit planes, and 
directions and amount of shear.*? 
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Coherency between martensite and austenite lattices 
during growth 

One of the important assumptions about the character 
of the rearrangement of the atoms is the existence of 
coherency between the lattices of the growing marten- 
site crystal and the austenite matrix.*® There is an 
order in the atomic arrangement on the boundary; 
atoms which were neighbours in the austenite lattice 
remain neighbours also on the boundary of the grow- 
ing martensite crystals. Under such conditions, and 
with the shearing character of lattice rearrangement, 
high shear stresses must arise. These stresses increase 
with the growth of the martensite crystal. When the 
stresses reach some definite value, coherency is 
destroyed and the order of atomic arrangement on the 
austenite-martensite boundary disappears. The high 
rate of growth takes place only while the coherence is 
maintained, and is a consequence of the cooperative 
character of the atomic movements and the small size 
of the relative atomic displacements during the lattice 
rearrangement. The limited growth of martensite 


crystals can be explained by the loss of coherency*® 
since growth by means of non-ordered individual atom 
movements is not observable at low temperatures. 
The concept of coherent growth appears also to be 
useful in understanding the peculiar form of marten- 


5 


site crystals, for this must satisfy the condition that 
the elastic energy be a minimum for a given volume of 
martensite. 


Thermoelastic equilibrium and ‘elastic’ martensite 
crystals 

The idea of coherent growth led in the following way 
to the prediction and subsequent observation of the 
phenomena of thermoelastic equilibrium and ‘elastic’ 
martensite crystals. During the coherent growth of the 
martensite crystal a large elastic energy arises. Under 
certain conditions this positive part of the free energy 
change may increase more rapidly than the negative 
part, the free energy difference between the new and 
original crystal modifications. Thus the total free 
energy may pass through a minimum as the dimen- 
sions of the martensite crystal increase. If this happens 
before the loss of coherency, the growth will stop and 
the martensite crystal will be in thermoelastic equi- 
librium with the parent phase. Raising the tempera- 
ture will then cause the crystal to shrink and lowering 
the temperature will cause it to grow.*5 Such a 
phenomenon was observed in the martensitic trans- 
formation 8,—>y’ in alloys of Cu—Al with addition of 
nickel and manganese (Fig.15), and subsequently in 
some other alloys. 


Heating—> 
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‘Elastic’ martensite crystals in a Cu-Al-—Ni alloy.’ (a) and (b) represent two places on the same specimen 





Conditions for the occurrence of ‘normal’ and martensitic 
mechanisms of transformation 
In steels and other eutectoid alloys the phases arising 
from martensitic transformation are metastable: for 
example, martensite in steel, the 8’ and y’-phases in 
Cu—Al alloys; the 8’ and £”-phases in Cu-—Sn alloys; 
and the x’ and §’-phases in Cu-Zn alloys.*° 

In carbon-free iron or ferrous alloys and in the 
metals cobalt, zirconium, and titanium and _ their 
alloys, phases stable at low temperature are formed by 
martensitic transformation. Transformation of the 
high temperature modification to the low temperature 
one may occur in these systems either by ‘normal’ 
kinetics or by martensitic means: with the former the 
formation of the crystals of the new phase occurs by 
disordered atomic displacements as in recrystalliza- 
tion; with the latter it occurs by ordered cooperative 
movements of atoms. The first is possible when the 
equilibrium temperature lies in the temperature range 
where diffusion is sufficiently rapid: for example, in 
pure iron or some of its alloys. If the equilibrium point 
lies in a temperature range where diffusion is slow, the 
transformation proceeds martensitically. As diffusion 
can be prevented by rapid cooling, the transformation 
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y-—>« in pure or alloyed iron may be made to proceed 
either by the first mechanism or by the second, by 
varying the cooling rate .'*~!%On rapid cooling normal 
transformation is prevented and the transformation 
proceeds below M. (which lies well below : owing to 
the considerable hysteresis caused by the large elastic 
energy involved). In some ferrous alloys normal y—>« 
transformation proceeds comparatively slowly. The 
temperature dependence of the rate of the normal 
y->« transformation could therefore be measured for 
a number of alloys of iron with chromium, nickel, and 
other elements.?*!7 For iron alloys with A, about 
800°C the transformation rate at first increases with 
decreasing temperature, reaches a maximum at about 
700°C, and then decreases and becomes extremely slow 
below 550°C (Fig.16). In pure iron and iron alloyed 
with tungsten, molybdenum, and cobalt, the rate of 
the normal y->z transformation is extremely high and 
the temperature dependence could not be measured. 
In these alloys it is difficult to prevent normal trans 
formation and to obtain a martensitic structure on 
quenching. However, as already mentioned, in pure 
iron we were able to decrease considerably the rate of 
normal transformation by first heating the y-iron to a 


Cooling > 


Heating 


15b 
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‘Elastic’ martensite crystals in a Cu-Al—Ni alloy.'"* (a) and (b) re present two places on the same specimen 
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Kinetics of you 
transformation in an 


iron alloy (7°,Cr and 





2% Ni; Ac,= 830°C, 
M,= 445°C"? 


high temperature. On subsequent drastic cooling the 
y->« transformation could be made to proceed mar- 
tensitically.2° In titanium and zirconium either 
mechanism can take place depending on the cooling 
conditions, but as the equilibrium point in cobalt is 
low, only a martensitic mechanism occurs here. How- 
ever, both mechanisms are possible in Co alloyed with 
elements which raise the temperature of equilibrium. 


Temperature dependence of the transformation rate 

Investigations of martensitic transformations in 
copper alloys led us to the conclusion that they can be 
considered as a process of nucleation and growth. It 
was further supposed that this process was not 


athermal and that at sufficiently low temperatures the 
transformation would proceed slowly.*® Studies of the 
kinetics of austenite-martensite transformation below 


room temperature showed that the rate of transforma- 
tion did indeed depend on the temperature.*4 In this 
range of temperature some phenomena which were 
considered as being characteristic of the martensite 
transformation are no longer present. It was estab- 
lished that: 

(i) under these conditions transformation can take 
place isothermally and continue for a long time 
the transformation rate depends upon tempera- 
ture and decreases with decreasing temperature 
(Fig.17a). 
transformation can be completely suppressed 
by rapid cooling to liquid nitrogen temperature 
(iv) austenite supercooled to the temperature of 

liquid nitrogen transforms to martensite on 
heating up to room temperature, with a rate 
depending on temperature (Fig.176, ¢). 
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(a) Transformation at different tempera 
tures 

(b) Logarithm of the initial rate of A-+>M 
transformation versus the reciprocal 
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(1) 22-79 Ni, 3-1% Mn; Ms 12°C 
(2) 22-5° Ni, 3-494 Mn; M,; 30°C 
(3) 23-8% Ni, 3-2°,Mn; Msg 554 
18 Temperature dependence of the 
initial rate of isothermal AM 
transformation in Fe-Ni-Mn 


alloys with different M. points 


It was also found that even in this temperature 
range the following specific characteristics of marten- 
site transformation are retained 


(1) martensite crystals in steel grow with an ex- 
tremely high rate even at low temperature 
(ii) the transformation extends over a temperature 
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range: when cooling stops only a certain part ot 
the austenite transforms, and isothermal trans- 
formation then proceeds only at a lower tem 
perature. 

The temperature dependence of the rate of trans- 
formation is determined by the temperature depend 
ence of the rate of nucleation, since the growth of each 
martensite crystal is limited, and proceeds rapidly 
within the entire temperature range; and the decrease 
of this transformation rate with decreasing tempera 
ture shows that thermal vibrations play an important 
role in forming martensite nuclei. The possibility of 
supercooling austenite to the temperature of liquid 
nitrogen shows that when the thermal energy is small, 
the formation of nuclei in a given specimen does not 
take place, However, transformation starts on heating 
as soon as the energy of thermal vibrations is suffi- 
ciently large: and the higher the temperature, the 
faster it proceeds. 

The temperature dependence of the nucleation rate 
is thus the same in the martensite as in all other types 
of phase transformation: the rate of the isothermal 
transformation below the martensite point at first 
rises with decreasing temperature, and then passes 
through a maximum (Figs.18 and 19). However, if the 
martensite point is not sufficiently low there will be a 
temperature range in which the rate of isothermal 
transformation cannot be measured. The transforma- 
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Temperature dependence of the initial rate of iso 
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and deformed alloy (8% and 17%) 

The influence of prior plastic deformation (ys) on martensitic 

transformation in an Fe-Cr-—Ni alloy (17-2°oCr, 9-1%Ni) 


tion rate is easily measured at temperatures below 
50°C. At higher temperatures (near room tempera- 
ture) the energy of thermal vibrations becomes so 


large, that, when cooling is stopped, all nuclei of 


critical size which can be formed at a given tempera- 


ture form in a short period of time. The formation of 


martensite nuclei is also slow at temperatures just 
below M,. This is because the critical size of nuclei, and 
hence the free energy of nucleation, are large, so that 
large thermal fluctuations are necessary. When the 
temperature decreases (i.e. the supercooling increases) 


the critical size of nuclei decreases and the rate of 


nucleation rapidly increases. Therefore for normal 
steels the isothermal A-+M transformation can be 
observed only either in the temperature range some- 
what below M, or in the range below —50°C. In a 
temperature range near room temperature isothermal 
transformation proceeds at a high rate (Fig.19, show- 
ing a steel with M,= + 155°C). To summarize then, at 
temperatures lower than —50°C the small thermal 
energy causes a low rate of nucleation and permits iso- 
thermal transformation to be observed; this factor 
becomes more pronounced as the temperature de- 
creases. In the temperature range near M, the large 
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energy needed for nucleation makes it possible to 
observe the isothermal transformation; the effect of 
this factor decreases with increased supercooling. On 
lowering M, (by changing the steel composition) it is 
possible to displace the temperature range, where the 
energy of nucleation is large, to lower temperatures, so 
that it becomes possible to measure the rate of iso- 
thermal transformation also in the region near room 
temperature (Fig.19, steel with M,=85°C). Thus in the 
kinetics of nucleation, thermal vibrations play an 
important role in the martensitic, as in other phase 
transformations. The high rate of nucleation at a tem- 
perature as low as room temperature, where diffusion 
processes are frozen, arises because the necessary 
atomic displacements for the formation of martensite 
nuclei formation require little activation energy. This 
is probably connected with the small relative atomic 
displacements required, and with their regular co- 
operative character. 

The low rate of nucleation and the high rate of 
growth of martensite crystals at temperatures con- 
siderably below room temperature, indicates that this 
growth requires an extremely small activation energy. 
Apparently the energy barriers become smaller during 
growth due to the increase in the stresses at the 
boundary of the growing crystal.°* Therefore in the 
initial stages of growth of the martensite crystal the 
rate of growth is probably not so high as it becomes 
when the crystal is visible under the microscope. 


Reasons why transformation extends over a wide 

temperature range 

One of the main peculiarities of martensitic transfor- 
mation is its extension over a wide temperature range; 
at any temperature in this range only a part of the 
original phase transforms into the new one. As the 
martensite crystals do not grow after reaching a cer- 
tain size, the termination of transformation implies 
that the nucleation of the new phase stops while the 
original one is still present. The explanation of this 
phenomenon is one of the main problems of the theory 
of martensitic transformations. Two factors may cause 
the isothermal transformation to come to a halt: 


(i) the state of the retained austenite may change 
in such a way that the formation of new nuclei 
or their growth becomes more difficult. 


(ii) nuclei may not form homogeneously in the 
initial phase, but only in some sites where 
nucleation is easy. 


Factors of the first kind may be, for example, a rise 
of pressure causing a decrease of M,; or an increase in 
structural imperfections hindering nucleus formation 
or growth. Factors of the second kind may be in- 
homogeneities in the austenite, such as frozen-in 
fluctuations of concentration of a dissolved element, 
or different kinds of imperfections of crystal structure 
causing local stresses which decrease the energy of 
nucleation; shear which are uniform in 
regions, whose size is comparable with that of the 
martensite crystals, ete. 

Factors of the first kind can hardly be important 
initially, because a small quantity of martensite is 
unlikely to change the state of the retained austenite 
significantly, but they can be important during the 
second half of the martensite transformation curve. 
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(a) Stimulating effect for a steel 

0-48%C, 7-79 Mn, 2-2%Cu 

(b) Retardation effect for the Fe-Ni—Mn alloy 
(22-4°Ni, 3-48°Mn) 
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+ is time from irradiation to when cooling 


Therefore, in the first half of this curve, factors of the 
second kind must play the main role. At a temperature 
just below M,, those sites are used where, due to 
favourable variations of structure or concentration, 
the energy of nucleation is smallest. After these sites 
are used up, the process of nucleation will terminate 
because in all other places the energy of nucleation is 
too large to be provided by thermal fluctuations. At a 
slightly lower temperature less favourable places can 
be used for nucleation, and so on. 

For studying the influence of imperfections of 
crystal structure on the nucleation of martensite, 
investigations were carried out in which specimens 
were subjected to plastic deformation or neutron 
irradiation. Steels and ferrous alloys with an M, point 
lower than room temperature were used. Different 
amounts of plastic deformation were applied in the 
temperature range 20°-200°C, and the effect of both 
kinds of preliminary working (plastic deformation and 
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Displacement of the Ms point of a Fe-Ni—Mn alloy (22°,Ni. 
35° Mn), irradiated by neutrons, as a result of tempering 
at different temperatures™ 





neutron irradiation) on the kinetics of transformation 
below room temperature were studied. 

The results of these investigations confirm the 
supposition that the martensite nuclei are formed not 
uniformly throughout the volume, but in sites where 
the structure is distorted. Both cold work and neutron 
irradiation can cause structural distortions in austen- 
ite which accelerate the formation of the martensite 
nuclei (Figs.20-22). However, these distortions are 
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23 Increase in the rate of isothermal AM transformation in 
an Fe—-Ni-Mn alloy (22-4%Ni, 3-48°, Mn) at T 60°C 


after preliminary cooling to different temperatures T’'%* 
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very unstable and disappear slowly even at room 
temperature. It follows that the sites of easy nuclea- 
tion are characterized by high local stresses in small 
volumes, for such stresses can partially relax at room 
temperature, and even below. 

However, after more estensive plastic deformation 
or neutron irradiation, and in the process of trans- 
formation itself, structural distortions of another kind 
arise in the austenite grains causing transformation to 
proceed more slowly, or even preventing it. These 
distortions disappear only at high temperatures, and 


may be, for example, those on the boundaries of 


regions of coherent X-ray scattering, or some other 
kind of accumulated imperfection. These may hinder 
the cooperative displacements of atoms in nucleation 
or in the initial stages of growth, while the size of the 
martensite crystal is still too small to cause stresses 
sufficient to accelerate its further growth. 


Relief arising from A->M transformation on cooling 
to — 60°C; 20°, of martensite was formed 

Rehef arising from the reverse M-+A transformation 
The same specimen as in (a) was repolished, heated to 
580°C and cooled to room temperature; 0°, of 
martensite 

The same as in (6) after repolishing and etching; the 
have 


dark which 


\—M 
24 Microstructure of an Fe—Ni-Co alloy (31:5° Ni, 5:5°,Co) 


after direct and reverse martensite transformation 


places are regions undergone 
. 


>A transformation®™ 


Distortions of the austenite structure similar to 
those caused by plastic deformation arise as a result of 
partial transformation in the region surrounding a 
martensite crystal. That this facilitates the formation 
of new nuclei is illustrated in Fig.23. It may be 
suggested that the well known phenomenon of 
austenite stabilization is connected with a change in 
the distribution of these distortions and a decrease in 
the (associated) maximum stresses. 

A high density of structural imperfections arises in 
the austenite grain as a result of direct and reverse 
martensitic transformation. Their presence after 
reverse transformation can be easily shown by the 
marked increase in the response to etching of regions 
where austenite —> martensite — austenite transforma- 
tion has taken place (Fig.24). The local stresses in this 
case cannot be very great because of the high tempera- 
ture of the reverse transformation. Such structural 
changes in austenite grains make difficult both the 
formation of nuclei and their growth on subsequent 
cooling below M,*?.88 (Fig.25). 

The experimental data available show therefore that 
distortions of the regular crystal structure are very 
important in the kinetics of martensitic transforma- 
tion. The growth of martensite nuclei when their size 
becomes larger than the critical size can proceed more 
easily in a perfect austenite crystal. However, nuclea- 
tion of martensite in such a crystal is extremely diffi- 
cult, apparently because the formation of a nucleus by 
means of cooperative displacements in a_ perfect 
lattice requires a large energy due to the resistance of 
the elastic forces. Extreme supercooling below T, is 
then necessary in order to permit the formation of 
martensite nuclei by thermal fluctuations. However, 
this supercooling may be so great that the mean 


thermal energy in this temperature range becomes too 


small for the necessary fluctuations to occur with 
sufficient frequency. For these reasons the formation 
of martensite nuclei in a perfect crystal of austenite 
will probably not take place at all, except perhaps in 
pure iron where T, is high. 

Similar conditions may prevent the crystallization 
of liquids. For example, after refining and de-activa- 
tion of undissolved particles, salol does not crystallize, 
since the energy of nucleation becomes small enough 
in a temperature range where the atomic mobility is 
small.6* To cause pure salol to crystallize it is neces- 
sary to introduce solid particles able to facilitate 
nucleation, i.e. to decrease the energy of nuclei forma- 
tion and hence the supercooling required. 

The temperature dependence of the rate of nuclea- 
tion of martensite crystals indicates that for the 
formation of nuclei in ‘previously prepared’ places 
thermal fluctuations are necessary. This can be shown 
especially clearly on steels with a low M,. When trans- 
formation is completely prevented by rapid cooling to 
liquid nitrogen temperature (Fig.17), it implies that 
nuclei of critical size have no time to form in ‘pre- 
pared’ places while cooling, while at liquid nitrogen 
temperature the thermal energy is too small. Raising 
the temperature increases the probability of formation 
of the necessary fluctuation in these places and conse- 
quently the probability of nuclei formation. The rate 
of activation of ‘prepared’ places increases with 
temperature until the energy of nucleation begins to 
increase more rapidly than the mean thermal energy, 
and the transformation rate then starts to fall. 
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Thus, in the formation of martensite nuclei in ‘pre- 
pared places’, the energy of atomic vibrations is, as in 
other phase transformations, the decisive factor. 
Structurally ‘prepared’ places, where nucleation is 
facilitated, play the same role here as undissolved 
solid particles in the crystallization of liquids. 


TEMPERING OF QUENCHED STEEL 

The phenomena of tempering in quenched steel are 
connected with the decomposition of the martensite, 
and, when a significant quantity of retained austenite 
is present, with the decomposition of this constituent 
also. The supersaturated solid solution of carbon in 
z-iron is highly unstable so that its decomposition 
starts even at room temperature, and the structural 
changes connected with its transition to a two-phase 
mixture of g-iron and cementite, proceed at all 
temperatures from room temperature to the A, point. 
To every tempering temperature there corresponds a 
certain state of the steel, which is reached in a com- 
paratively short period of time, and which changes 
only very slowly on further tempering. This state 
usually changes gradually with increasing tempering 
temperatures, but there are comparatively narrow 
temperature intervals in which the change is consider 
able. These intervals are marked by effects on the 
curve showing the variation of different properties on 
heating. The processes taking place in these tempera- 
ture intervals are called the first, second, and third 
transformations on tempering.®® The position of these 
intervals depends upon the heating rate; at a heating 
rate of about 10° C/min they lie at about 1L00-150°C, 
250-325°C, and 100 C. These transformations 
can be practically completed within a few hours at 


or 
oa 


TABLE lil Time of half decomposition of martensite in the 


first stage of decomposition ’' 








340 vears 50 min 


6-4 vears 8S min 
2-5 months 2-3 min 
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temperatures of 110°, 250°, and 325°C, but at lower 
temperatures they require an extremely long period of 
tempering. Apart from the effects at these tempera- 
tures another distinct change in mechanical proper- 
ties is observed at about 450°C.®® The changes in the 
properties of quenched steel on tempering are mostly 
due on the one hand, to changes in the state of the 
x-solid solution and, on the other, to the formation 
and changes of state of the carbon rich phase; how- 
ever, the effects of ‘the transformation on 
tempering’ are governed by the decomposition of the 
retained austenite. 


second 


Changes of state of the «-solid solution 

The two stages of the decomposition of martensite 

X-ray investigations of the changes in the crystal 
structure of quenched steel associated with changes in 
properties at tempering temperatures of LOO—-150°C 
show that the latter are connected with a decrease in 
the axial ratio of the tetragonal lattice of martensite 
and consequently with precipitation of carbon from 
solid solution.4-®.7,7,6 As a result of this 
a non-uniform tetragonal structure with a small axial 
ratio is formed.*?.° This process is the first stage of 
martensite decomposition. Tempering at temperatures 
of 150-300°C leads to a gradual non 
uniformity and axial ratio, i.e. to further gradual pre- 
cipitation of carbon from solid solution. These general 
conclusions follow from the study of line broadening in 


process 


decrease of 


tempered steels with carbon contents ranging from 
0-1% to 1-49 69 

soth stages of martensite decomposition have been 
clarified by investigating the tempering of quenched 
single erystals.*-'3 Owing to the regular orientation 
of the martensite lattice with respect to the initial 
austenite it is possible to avoid difficulties associated 
with the overlapping doublet components due to 
tetragonality. It appears that the first stage of de 
composition has a so-called ‘two-phase’ character. 
Apart from the solid solution of initial concentration an 
x-solid solution, containing about 0-3°,,C appears, and 
during tempering the volume of this second solid solution 
increases at the expense of the initial one.'* The kin- 
etics of the ‘two-phase’ decomposition have been 


investigated at temperatures of 80°, LOO’, and 
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TABLE IV _ Concentration of carbon retained in ~-solid solu- 
tion after tempering 1 h at different temperatures 
in the second stage of martensite decomposition. 
Values obtained by various methods 





Specific 
volume’# 


Carbon content, 
Axial 
ratio 


Line 
breadth® 


Tempering 
temp., Cc 


Tempering 
time 





10 years 
Lh 





120°C,7°.7! The rate of the process can be character- 
ized by the time of half decomposition, that is, the 
time when the volume of both solid solutions becomes 
equal. Table III shows the results of determinations 
of this time at different temperatures for a 1°%C steel. 
For the above-mentioned temperatures and for room 
temperature the data are obtained directly from 
experiment; the other values are calculated from the 
temperature dependence of the rate of decomposition. 

While investigating martensite powder which had 
been isolated electrolytically, it was found that in 
addition to two-phase decomposition there is also one- 
phase decomposition.?* The former was established 


from the change in relative intensity of the lines of 


tetragonal doublets, and the latter from the change in 
their separation (similar to that observed in tempering 
quenched steel powder).? Thus the character of the 
first stage of decomposition may depend on the con- 
ditions. 

The solid solution arising as a result of the first stage 
has a tetragonal lattice with an axial ratio 1-012 
1-013. This axial ratio corresponds to about 0-25 
0-3%C.13 The solid solution with this concentration 
possesses a stability considerably higher than the 
initial one, and further decrease of carbon content in 
solution at temperatures of L00-150°C proceeds ex- 
tremely slowly.7% 

The process of further gradual carbon precipitation 
representing the second stage of the martensite de- 
composition extends to temperatures of 150-300°C. 
Within the first few hours tempering, the carbon con- 
tent reaches a certain value which changes only 
slightly thereafter.**:?3 The quantity of carbon re- 
maining in solution for different tempering tempera- 
tures has been estimated from the changes in the 
breadth of lines,**:7% the specific colume,’* and the 
axial ratio.'* The precision of these estimates is not 
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tempering steels with different carbon contents® 


line (Cr-radiation) on 


high; the values obtained from the line breadth are 
somewhat exaggerated and those obtained from the 
axial ratio are too low (Table IV). After 1 h tempering 
at 300°C, about 0-1°,C apparently still remains in 
solid solution in medium and high carbon steels. 

In steels containing 0-4°C and less, the first trans- 
formations on tempering (100—-150°C) have no effect 
on the curves showing the variation of properties. The 
absence of a decomposition process is confirmed by the 
curves showing the variation of the line breadth on 
tempering (Fig.26). Obviously in these steels the two- 
phase stage of decomposition is absent and a gradual 
precipitation of carbon takes place which extends over 
a wide range of temperature. The data on the changes 
of line breadth on tempering show that in quenched 
steel containing 0-1°,C precipitation of carbon from 
solid solution starts only at temperatures above 
250°C, and in steels having 0-2° and 0-3%C, above 
200° and 150°C respectively. 


Influence of alloying elements on the process of the 
precipitation of carbon from x solid solution 

The rate of the first martensite decomposition 
changes little in the presence of alloying elements 


Influence of alloying elements on the change in axial ratio of tempered martensite.'':*’.** Tempering time 1 h 





Element, ‘ 


C 0-44 C 
C 0-74 C 1-09 €C 0-55 
Cr 2-0 Mn 1-7 Mn 5-5 Ni 1-6 


Mn 5:3 Mn 6-4 C 0-97 C 1-3 C 1-2 Cc 
Ni 3°5 


0-32 


1:25 C055 Cll 
Mo 2:0 W 2-13 W 0-85 Si 2-0 


Co 3-9 Zr 0-9 
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TEMPERATURE, t 


Influence of Ti and Mn on the course of the second stage of 


the decom position of martensitel4 


(chromium, molybdenum, tungsten, silicon), although 
the half decomposition time somewhat increases. 
Indeed, to obtain the same time of half decomposition 
as in carbon steel, it is necessary to change the temper- 
ing temperature only by a few degrees.** On the other 
hand, the presence of alloying elements can lead to a 
great increase in the temperature range of the second 
stage of decomposition, e.g. by as much as 100° or 
200°C, 

For carbon steel the tetragonal lattice can be 
observed at temperatures only below 275-300 °C. For 
steels containing some alloying elements (such as 
chromium, molybdenum, tungsten, titanium, van- 
adium, silicon, cobalt) the tetragonal lattice can be 
revealed after tempering at 400°, 450°, and even up to 
500°C (Table V, Fig.27).14:57-88 From this it follows 
that the presence of these elements leads to an increase 


in the stability of the supersaturated solid solution of 


low carbon content. On the other hand, manganese 
and nickel somewhat decrease its stability. This con- 
clusion has been confirmed by data on the tempering 
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28 Influence of Ti on the decomposition of martensite on 
tempering steel with 0-1%C® 
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29) Tempering of quenched tron containing 0-04°,( 


of alloy steels containing less than 0-2°%,C (Fig.28). In 
steels with 0-1°.C, containing titanium, vanadium, 
and molybdenum, decomposition is retarded up to 
400—500°C,'° and in the range 500—-550°C decomposi- 
tion proceeds with the formation of special carbides 
and with rising hardness (secondary hardening 
(Fig.29)). The high stability of low steels 
(0-1-0-2°,C) containing certain alloying elements was 
also used for studying the mechanism of the isothermal 
decomposition of austenite in the 
(bainitic) region.*9. 9° 


carbon 


intermediate 


Microstresses and coherent regions 

The use of single crystals and the selection of reflec- 
tions with the third index equal to zero make it 
possible to avoid the influence on line broadening of 
the overlapping of the doublet lines of the tetragonal 
lattice, and the non-uniformity of concentration of the 
solid solution.”! Investigation showed that these two 
factors have practically no influence on the broadening 
of the lines of polycrystalline steel at temperatures 
higher than 250°C. The effect of tempering on both 


30 Change of microstrains Aa/a and of size of coherent regions 
(D) on te mpering a 14°C steel?! 
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31 Relative line 
powd r extracted from que nehed steels, te mpered in the 
200 qr7 


intensity on X-ray photographs of cementite 


temperature range 700 


the microstresses and the size of the regions of coher- 
ent X-ray scattering in carbon steels, were estimated 
approximately by using the different angular depend- 
ence of the line broadening caused by these two factors 
(Fig.30). The size of coherent regions starts to increase 
only at temperatures higher than 300-350°C, and they 
still cause some line broadening even on tempering at 
500-550°C. Microstresses decrease somewhat at 150 

200°C, but they still remain high up to 300°C. In the 
interval 300-450 C the microstresses decrease rapidly, 
and after tempering at 500 C they are not observable 
by the method used. On tempering in the range 350 

4100 C, the line broadening approaches that which 
arises from the cold plastic deformation of annealed 
steel.9!.9?) In steels with alloying elements delaying 
the precipitation of carbon from solid solution, the fall 
in the stresses is displaced towards higher tempera- 


tures, °% 


Formation of carbide phase on tempering 

As is easily determined by X-ray diffraction®’»® the 
carbide phase formed as a result of tempering above 
300°C is the carbide Fe.C (cementite). The investiga- 
tion of the tempering of single crystals enabled the 
orientation of the cementite lattice with respect to 
those of the austenite and martensite to be deter- 
mined.**.7® The relation can be expressed as follows 


(103) F (O11 (111), 


M 


010] Fe, ¢ 111 {110}, 


M 
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mxA, m,B, m.C: size of cementite crystals in the directions A 
B,C; A,B,C are lattice parameters of cementite 
32 Change of dimensions of cementite particle s with increasing 


tempering temperature™® 


This gives 12 positions of the cementite lattice with 
respect to that of austenite. By comparing X-ray 
photographs of carbide powders extracted electro- 
lytically from a quenched high carbon steel, tempered 
at various temperatures from 200° to 700°C, it was 
found that on gradually decreasing the tempering 
temperature below 600°C, the line breadth of cement- 
ite increases. Also the lines with a high third index 
become much broader than the others, and as the 
tempering temperature decreases they appear gradu- 
ally weaker, ultimately merging with the diffuse 
background and becoming invisible.*7~79 (Some strong 
lines with similar angles of reflection merge together 
here.) The changes in the X-ray photograph are shown 
schematically in Fig.31. 

The strong broadening of lines with a high third 
index indicates that the cementite crystals are small in 
the direction of the ¢ axis and so have a plate-like 
form. By measuring the line breadth the dimensions of 
the cementite crystals along the three axes were 
estimated (Fig.32). At tempering temperatures from 
200° to 350°C the size of the particles along the ¢ axis 
is about 10 lattice spacings, and along the perpendicu- 
lar directions about 40. At temperatures higher than 
350-400°C growth of the crystals is observed. It is to 
be noted that alloying elements which cause the 
second stage of martensite decomposition to be de- 
laved also displace up to 450-550°C the temperatures 
at which cementite crystals start to grow (Fig.33).79 





X-ray study of the carbide phase in bulk specimens 
of quenched steel tempered at low temperatures 
(lower than 300°C) encounters considerable difficulties, 
but these have been overcome to a certain extent by 
using austenite single crystals,°°.*! monochromatic 
radiation,®? and by means of electron diffraction.*?~ >? 
In the first method features of the diffraction pattern 
of the carbide phase were observed which differed 
from those of Fe,C. This was considered to confirm 
the existence at low tempering temperatures of a 
carbide different from cementite and which was called 
Fe, C.5° The features due to Fe,C disappear on tem- 
pering in a temperature interval of 300-350°C. 

Photographs after low temperature tempering both 
using monochromatic X-rays and also using electron 
diffraction showed lines of the carbide phase at the 
same angles of reflection, as on the photographs of 
single crystals. The observed lines may be related to a 
hexagonal lattice similar to that of Fe,N.°?-*° These 
data suggest that on low temperature tempering, as a 
result of the first stage of martensite decomposition, 
an intermediate e-carbide with a hexagonal lattice 
precipitates. 


Nature of the phenomenon of tempering 


On tempering quenched steel the main process is the 
decomposition of martensite, the decomposition of a 
super-saturated solid solution of carbon in z-iron. 
Therefore there must occur on tempering the same 
process that takes place on ageing supersaturated 
solid solutions where the solubility of the second com- 
ponent increases with rising temperature. In general 
this is the process of the precipitation of a dissolved 


“A000...” ~-S& — “6OC ) 


TEMPERATURE °C 


Influence of alloying elements on the growth of cementite 
particles on temperi nq’ 


Kurdjumov 


Phenomena in quenching and tempering 45 























(i) After quenching 


After quenching and tempering for 2 h at 250°C 


heat curves obtained in heating steels with different 


carbon 


contents 
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AV, total volume change on tempering 
AV, effect of ‘first transformation’ 
AV, effect of ‘third transformation’ 
35 Change in specifi volume of quenched steels on te mpering 


asa function of carbon content 


element and formation of a second phase under con- 
ditions where the diffusion rate is slow. However, 
although the martensite decomposition is in many 
ways similar to the decomposition of other super 
saturated solid solutions, it possesses its own peculi- 
arities which strongly distinguish it from others. The 
reasons for these peculiarities are as follows. First, the 
supersaturated solid solutions is not obtained here by a 
simple ‘freezing’ of a high temperature state, but is a 
result of a diffusionless transformation. This leads to a 
fine micro- and submicrostructure and to the presence 
of different kinds of inhomogeneities and imperfec- 
tions. Second, the mobility of the atoms of the solvent 
and the dissolved elements differ considerably from 
each other. Third, the properties of the crystals of the 


solid solution depend greatly on the concentration of 
the element dissolved. The high supersaturation of 


carbon in the «-phase in medium and high carbon 
steels causes it to be highly unstable and leads to a 
first stage of decomposition at L00-150°C. 


The structure formed as a result of the first stage of 


martensite decomposition is called tempered marten- 
site. Steel in this state possesses almost the same high 
hardness as in the quenched state, but, however, has 
higher ductility. X-ray investigations show that 
tempered martensite itself consists of a partly de- 
composed «-solid solution. The martensite crystals 
still contain a considerable amount of carbon in solu- 
tion, and dispersed carbide particles formed as a 
result of decomposition are uniformly distributed 
inside them.®7-69%,13 

The state of the tempered martensite gradually 
changes at tempering temperatures of 150-300°C and 
the carbon content in solution decreases (Table III). 
Particles of cementite appear, and may be observed by 
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Dependence of the thermal effect of the ‘third transformation’ 
on the carbon content 


means of the X-ray diffraction pattern in a steel 
tempered at 200°C; their quantity increases on raising 
the tempering temperature to 300°C. The concentra- 
tion remaining in solid solution depends only slightly 
on the carbon content for medium and high carbon 
steels, but it is the greater, the greater the initial con- 
centration. The difference in amount of the dissolved 
carbon for various steels decreases with increasing 
temperature (Fig.26). 

This conclusion is confirmed by specific heat data 
(Fig.347) obtained on heating quenched steels.°4 The 
austenite decomposition causes a large thermal effect 
above 250°C, which is superimposed on the effect due 
to the second stage of the martensite decomposition. 
If, before obtaining a curve, the quenched steel is first 
tempered at 250°C, the thermal effects due to the first 
and second transformations disappear, (i.e. effects due 
to the first stage of the martensite decomposition, and 
of the decomposition of the retained austenite 
(Fig.3477) ). These curves show an effect at 250—325°C 
and, well separated from it, an effect at 325-400°C. 
Similar curves are obtained on heating quenched steels 
containing 0-4° of carbon and less (Fig.347). The first 
effect is apparently governed by precipitation of the 
dissolved carbon, and its magnitude, for the steels 
given a preliminary temper (Fig.3477), is nearly inde- 
pendent of the carbon content of the steel and is about 
that for a quenched steel with 0-22°,C. Thus even 
after tempering at 250°C there still remains about 
0-2°%C in the «-solid solution. Crystals of martensite 
with such a carbon content in solid solution them- 
selves possess a high elastic limit; this can be further 
increased considerably, owing to the presence of dis- 
persed carbide particles inside them. Therefore, after 
such tempering, the hardness of steel still remains 
high. 

As has already been stated, in quenched low carbon 
steels the first stage of martensite decomposition is 
absent. However, during tempering in this range of 
temperature some properties of these steels can change 
considerably; this may be connected with a different 
kind of relaxation process. For example, after temper- 
ing quenched steel with 0-1°,C at 200°C the coercive 
force decreases by as much as twofold, while the hard- 
ness, line breadth, and specific volume start to change 
at considerably higher temperatures. One can guess 
that the decrease in the coercive force is connected 
with the relaxation of microstresses caused by diffu- 
sion from regions of compression to regions of ten- 
sion.*5-*? An elastic deformation becomes in part a 
non-elastic one. A considerable increase in the 
strength of quenched low carbon steels with 0-1- 
0-2°C which takes place on holding at low tempera- 





tures (beginning ‘at room temperature)®® is apparently 
also connected with the relaxation of stresses. 

The mechanism of decomposition of the retained 
austenite on tempering is the same as that of the iso- 
thermal] decomposition of austenite in the intermediate 
temperature range. The products of decomposition are 
similar to those of martensite tempered at the same 
temperatures. 

A rapid decrease of hardness starts on tempering 
above 300°C, and on tempering between 300° and 
400°C considerable changes take place in some of the 
properties of steel. This change of state is called the 
‘third transformation’ on tempering. In this tempera- 
ture range, it is to be noted that large changes in 
specific volume of steel occur without noticeable 
changes in the lattice constant of the «-phase. Figure 
35 shows data*4 on the change of specific volume with 
the carbon content for the first (4V,) and third 
(4V,) transformations, and also on the total change 
(4V.) in the specific volume of quenched steel on 
tempering to 500°C. The volume change due to the 
third transformation itself represents a considerable 
part of the whole effect on tempering. Figure 36 shows 
how the thermal effect of the third transformation 
depends on the carbon content.*4 The disappearance, 
just in the temperature range of 350-400°C,°°.5! of 
particular lines of the carbide formed during low 
temperature tempering suggested that the effects of 
the third transformation are to be attributed to the 
transition of a low temperature carbide to cementite. 
However, further investigations’? showed that the 
cementite is already present after tempering at 200°C, 
and exists in considerable quantity before the begin- 
ning of the ‘third transformation’. Apparently at 
tempering temperatures of 200-300°C both the 
«-carbide and cementite are present. Measurements of 
the lattice constants of cementite powders extracted 
from steel tempered below 300°C show that the vol- 
ume of the elementary cell of this cementite is less by 
3°8°%, thanthat ofnormal cementite.’ Itis possible that 
this cementite contains carbon than normal 
cementite. Also the constants of the cementite lattice 
in a specimen tempered below 300°C may be changed 
due to coherence with the x-phase. At present there 
are no experimental data about the structural changes 
on tempering in the range of 300-400°C. To come to 
definite conclusions on the nature of the third trans- 
formation it is necessary to determine whether the 
volume changes accompanying it are affected by mic- 
roscopic cracks and pores arising on quenching, 
also in particular, on low temperature tempering. 


less 


and 


In alloy steels a considerable upward displacement 
of the temperature ranges of tempering processes can 
occur. This applies especially to the second stage of the 


first transformation on tempering; to the beginning of 


growth of the carbide particles; and to the third trans- 
formation on tempering. The state of the tempered 
martensite in these steels, and the high hardness, are 
retained to higher temperatures. In tempering at low 
and medium temperatures there is almost no redistri- 
bution of alloying elements during tempering because 
of the small mobility of metal atoms below 400-500°C. 
The concentration of alloying elements in the carbide 
phase is the same as in the «-solid solution, and the 
slow rate of diffusion of the alloy elements at low 
temperatures causes one of the intermediate carbide 
phases to be an alloyed cementite with the same con- 
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centration of alloying elements as in martensite. The 
more stable special carbides are formed only on 
tempering at temperatures higher than 500-550°C. At 
low carbon contents in some alloy steels (less than 
0-2°,C), the absence of diffusion of alloying elements 
is obviously responsible for the fact that the decompo 
sition of the martensite and the decrease of hardness 
do not take place up to 450-500°C. We may suppose 
that in these steels the formation of a heterogeneous 
state, x+ alloyed cementite requiring only the diffu- 
sion of carbon isnot stimulated thermodynamically. For 
the formation of the state, «-+special carbide, which 
is thermodynamically more stable compared with the 
initial martensite, it is necessary to have diffusion of 
alloying elements. This process proceeds at tempera 
tures higher than 500°C causing the phenomenon of 
‘secondary’ hardening.!® 
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Precipitation of nitrides in the structure 


of transformer steel 


J. Jezek, J. Vobosil, and V. Cihal 


INTRODUCTION 

THE EMBRITTLEMENT of transformer sheets has been 
the subject of many investigations. It has been shown 
that it is accompanied by the presence of a non- 
ferritic brittle phase segregated along the boundaries 
of ferritic grains. Various views on the nature of this 
phase have been put forward but its exact character 
has not been determined. 


The mechanism of segregation and redissolution of 
the brittle phase has already been dealt with by one of 


the authors.! It was pointed out that these processes 
are accompanied by the development of multiple 
boundaries of ferritic grains at an intermediate stage 
of the process. At the same time it was shown that the 
brittleness can be removed by dissolving the brittle 
phase in the matrix while annealing the sheets at 
temperatures 800-900°C with subsequent quick cool- 
ing to the range of not more than 200-300°C and that, 
on the other hand, the brittleness can be restored by 
forming the brittle phase while heating the sheets at 
temperatures over 400 C, 

The study of the development of the brittle phase in 
the structure of transformer steel thus has both theo- 
retical and practical importance. This caused the 
present authors to try to find out the origin and nature 
of the phase in question. 


EXPERIMENTAL PROCEDURE 

Experiments were made on sheets 0-5 mm thick, the 
basic composition of which was 4-3°,Si, 0-02°,C, 
0-O1°.N. The sheets cracked even under slight bend- 
ing without any plastic deformation. By solution 
annealing (1100°C, 2 h, vacuum) the brittleness was 
removed and it was possible to work the sheets without 
difficulty. 








Manuscript received 5 August 1959. 

The first two authors are at the National Research Institute 
for Material and Technology in Prague; the third author is at 
the National 
Protection in Prague 


Research Institute for Corrosion and Surface 


SYNOPSIS 


An inve stigation of structural change s taking place mn 
brittle transformer sheet has been undertaken by means of 
hardness measurements, thermal analysis, optical and 
electron microscopy. and X-ray and electronographic 
structural analysis and has shown that nitrogen is the 
active element which participates in the formation of the 
brittle phases. In the range of temperatures up to 250°C 
nitrogen is precipitated from the alpha solid solution in 
the form of nitrides of iron Fe,.N, and Fe,N, which are 
deposited in the matrix. At temperatures between 250 and 
700°C, after dissolution of the tron nitrides in the alpha 
solid solution, nitrogen is diffused simultaneously with 


silicon on to the boundaries of ferritic grains, where it 


forms particle sofa new phase, the composition of which 


is Si,N,. At 700°C, there exists, on the grain boundaries, 
a compact phase, of which the nitride Si,N, is the basic 
component, The expe rimental results are discussed in the 
light of thermochemical analysis. W751 


As the brittle phase can be dissolved in the matrix 
and the brittleness then restored again by heating at 
a comparatively low temperature, it was expected 
that the first stage of segregation of the phase would pro- 
ceed in a similar way as the precipitation of disperse 
phases from super-saturated solid solutions in the 
course of precipitation hardening. It can be seen from 
the shape of curves of solubility of carbon and nitro- 
gen in alpha iron that undercooled alpha solid solution 
is, in this instance, capable of dispersion hardening, 
mainly due to the action of nitrogen, the maximum 
solubility of which in the alpha phase is almost ten 
times greater than that of carbon. For this reason for 
mation of precipitates on crystallographic planes of 
ferrite can be expected; this assumption was sub- 
stantiated by experimental results. At the same time, 
it turned out that the whole process of formation of 
the brittle phase in transformer sheets is somewhat 
more complex. 
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100°C 
250°C 
300°C 


140 
120 180 
TIME, min ——> 
1 Hardness of a transformer sheet after solution annealing 
(1100°C, 2 h, vacuum) and heating in air (at temperatures 
50-450°C, 10-240 min) 


Hardness measurement 


Both hardness measurement on the parent solid solu- 
tion and thermal analysis were used to trace the 
kinetics of structural changes taking place during the 
heating of the transformer steel after preceding solu- 
tion annealing. Plots of hardness for material subject- 
ed, after solution annealing (1100°C, 2 h, vacuum), to 
heating in air at temperatures 50°, 100°, 250°, 300°, 
and 450°C for 10, 20, 30, 60, 120, and 240 min are 


3 Structure of the ferritic boundaries (a) original brittle condition, (b) final brittle condition (after 1 100°C, 2h, vacuum, 
< 500, (c) after solution annealing 1 100°C, 2h, vacuum, etched picral 


air), both etched picral, 
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Specimen 














| | J 
240 650 1000 240 650 1000 
TEMPERATURE, °C TEMPERATURE °C 


2 Thermal curves of a transformer sheet (a) original brittle 
condition, (b) after solution annealing 


shown in Fig.l. It can be seen that precipitation 


hardening takes place. The shapes of these curves are 
analogous with the results given by Davenport and 
Bain? for precipitation hardening of iron with 0-06%C. 


Thermal analysis 


For the thermal analysis, the method and equipment 
described by Tima and Vyklicky* was used. It was 
found that in the region 240—560°C changes manifest- 
ing themselves by consumption of thermal energy take 
place in a material under test. Another similar change 


+ 700°C, Lh, 
< 500, (a) as (c), extraction replica, 
<x 5000 





Precipitates in the matrix (a) after precipitation heating 250°C, 20 min, etched picral 
< 5000, (c) after precipitation heating 250°C, 30 min, etched picral 
< 500, (f) the same, 


cipitation heating 300°C, 30 min, etched picral 


goes on at temperature over 900°C. Both changes 
occur only in a material that was previously subjected 
to solution annealing (Fig.2b). A material in the origin- 
al brittle condition showed no change in the first range 
and only the endothermic reaction at temperatures 
over 900°C occurred in it (Fig.2a). This shows clearly 
that the arrest on the thermal curve in the range over 
900°C corresponds to the dissolution of the original 
brittle phase, while the arrest in the region 240—260°C 
corresponds to secondary phases, which precipitate at 
lower temperatures. 
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500. (b) the 
extraction re plica, 
3000 


same, extraction replica, 


500, (d) the same, 5000. le) after pre- 


extraction re plica, 


Metallography 

To throw more light on the nature of the structural 
changes manifested, the individual specimens were 
subjected to metallographic and X-ray structure 


analysis. Figures 3-5 show both optical micrographs of 
the samples investigated and micrographs of extrac- 
tion replicas of the same samples made by means of a 
Tesla electron microscope. Graphite or collodion were 
used as material for the extraction replicas. The 
chromium-shadowing of replicas was done on the pre- 
cipitate side, when shapes and locations of sparsely 
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distributed particles were to be studied. In the case of 
densely clustered particles, the replicas were shadowed 
on their reverse side, to avoid shadows cast by the 
particles interfering with the pattern. 


Structure of the boundaries 

Figure 3a shows the structure of material in the 
original brittle condition, which is accompanied by 
the presence of the non-ferritic phase, segregated in 
characteristic bands along the boundaries of" ferritic 
grain, as already known from former investigations. 
After solution annealing, this phase vanished and the 
structure appears as homogeneous composed only of 
ferritic grains with clean boundaries (Fig.3c). The res- 
pective electron micrographs show that both the grain 
boundaries and matrix are, after solution annealing, 
free of visible particles. At the grain boundaries there 
are simple or multiple zones ensuring the contact 
between two grains of different orientations (Fig.3d). 
This structure of the boundaries may be considered as 
one of the causes of the multiplicity of boundaries at 
the beginning of the segregation or dissolution of the 
non-ferritic phase, as was found previously.! 


Precipitates in the matrix 

The structure of samples after precipitation annealing 
at 250°C for 20 and 30 min respectively is shown in 
Fig.4(a-d). It appears that a precipitate is segregated 
from the matrix and that with the increase of the time 


5 Prec } itates along the ferritic boundaries (after precipitation 
heating 450°C, 4h) (a) etched picral, 
000, particles, 


500, (b) extraction 


replica, globular (c) extraction replica, 


5000, dendritic particle s 
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of annealing this precipitate gets more coarse and pro- 
duces characteristic particles, which in section appear 
in shape of needles. The corresponding electron micro- 
graphs of extraction replicas show that the particles in 
question are platelets, the diameter of which is, at 
initial stage, less than | » and their thickness so small, 
that they are transparent even for electrons, so that 
they do not give a very sharp contrast (Fig.4b). Later 
in the course of continued annealing these platelets 
grow to a diameter of 1-2 » and attain a thickness of 
0-1 « (Fig.4d). It can be seen on the electron micro- 
graphs that the platelets are so oriented that their 
base faces run parallel with mutually perpendicular 
crystallographic planes of the ferritic lattice. At this 
stage the precipitate was suitable for electron diffrac- 
tion analysis using a collodion extraction replica.* The 
analysis has shown that the precipitate is constituted 
by a transitional nitride of iron Fe,,N,. These morpho- 
logical and structural findings are in agreement with 
the results of investigations made by Booker et al. 
who had identified this phase in nitrided steel. 

If annealing temperature is raised beyond 250°C, the 
fine platelets of Fe,,N, vanish and only coarse lamelae, 
which attain lengths over LO yz, are visible in the struc- 
ture (Fig.4e, f). The morphological resemblance with 
large plates described by Booker et al. suggests that 
these lamelae represent the nitride Fe,N. At the same 
time a new precipitate starts appearing at some of the 
ferritic boundaries. The X-ray analysis of precipitates 
from the beginning of this temperature range suggests 





TABLE | X-ray analysis of the precipitates after precipitation 


annealing 450 C, 4h 
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the presence of nitrides Fe,N and Si,N,. It has to be 
stated, however, that owing to unsuitabte particle size 
the measurements of X-ray lines were difficult and the 
analysis unreliable. 


Precipitates along the boundaries 

Processes that go on in the range 250-450 C may be 
characterized as successive dissolution of iron nitrides 
in the matrix and segregation of a new precipitate at 
the ferritic boundaries and sometimes also at the sub 
boundaries, which are formed across some of the grains. 
A preliminary the segregation of visivle 
precipitates is marked by the formation of multiple 
bands showing a different response to etching and a 
different microhardness, running along the boundaries 
or sub-boundaries of ferritic grains. 

After 4-h annealing at 450°C an already perfectly 
distinct precipitate appears in the structure; it ts 
arranged along the original ferritic boundaries and in 
some places also along the sub-boundaries. Figure 5a 
shows that these precipitates are, asa rule, located on 
one side of the boundary in the direction into one of 
the two neighbouring grains. This location of precipi- 
tate has also been found in other materials. 

The location and morphology of the precipitate 
formed at 450 C are shown especially clearly on the 


stage of 


electron micrographs of extraction replicas. It is easy 
to see that they are mostly constituted by globular 
particles having dimensions of tenths of a micron 
(Fig.5b), which are in singular places alternated by 
dendritic particles, partially transparent for electrons 
(Fig.5c). 
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X-ray analysis 

At this stage, the precipitate was subjected to X-ray 
analysis. Since the boundaries with the precipitate 
constituted only a small proportion of the total area 
the relative 
amount of the precipitates was artificially increased by 


of the face of metallographic specimen 


taking successive extraction replicas from the sample 


face renewed every time by repeated polishing; these 
extraction replicas were all superposed on the original 
specimen. Thus, a sample was obtained that contained 
besides the matrix sufficient amounts of the segre 
gated phase. The analysis of the X-ray pattern obtain 
ed with CrK% monochromatic radiation is given in 
Table I. From this table it can be seen that the over 
whelming majority of X-ray lines of the specimen un 
der test may be attributed to the silicon nitride 
Si,N,. The characteristic dendritic particles (Fig.5e) 
probably represent the cementite, the presence of 
which in the brittle phase had been assumed by the 
authors of earlier works 


Final form of precipitates 


Continued annealing results in the clustering and 
coagulation of particles at the grain boundaries and in 
their final sintering in compact bands. In this fashion 
precipitation processes are accomplished and in a 
specimen annealed for | h at 700 C the structure that 
had characterized the initial condition is restored 
(Fig.35). For X-ray analysis of both original and final 
grain-boundary phase 


carried 


a separation of inclusions was 
out by dissolving the samples in a 10%, 
aqueous solution of ammonium persulphate.® In the 
residues obtained, several types of inclusions could be 
distinguished microscopically; their character corres 
ponded to the particles present in the compact 
sample. The finer particles gave an X-ray pattern of 
continuous lines of nitride Si,N, and the remaining 
coarse particles represented inclusions usually present 
in steel (principally SiO, and Al,O,). In no case did 
lines typical for Fe,C appear in the X-ray pattern. 
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DISCUSSION 
Thermochemical analysis 
To analyse the experimental results thus obtained a 
comparison was made of stability of carbides and 
nitrides of iron and silicon in the free energy (for 
1 g-atom of carbon and nitrogen) v. temperature plot. 
Carbon can react with iron and silicon in the alpha 
iron solid solution, producing cementite, ¢-carbide, 
and silicon carbide. For assessment of thermochemical 
stability of cementite and silicon carbide, data 
published by Kubaschewski and Evans,’ and Richard- 
son® were used. The thermochemical data for the 
«-carbide are not described in the available literature 
and only Browning et al.® give for the reaction 
2Fe+-C=Fe,C the calculated value 


AG 298-800° K = (4930-2-60T )cal 


The solubility of nitrogen in alpha iron in equili- 
brium with iron and silicon nitrides has been studied 
by many authors with different results.!°~!§ In agree- 
ment with Dijkstra’s results'* confirmed by Fast and 
Verrijp,'® Corney and Turkdogan,'? and Rawlings and 
Tambini,'* the following equation was chosen to 
express the temperature dependence of free energy for 
reaction 4Fe + 4N,=Fe,N: 


AG’ 298-868° K = (730+ 8-60T )cal 


Dijkstra in his paper has already pointed out that 
solubility of nitrogen at low temperatures does not 
correspond to the equilibrium with the nitride Fe,N; 
the nitrogen dissolved in aipha iron is, at these tem- 
peratures, in equilibrium with the non-stoicheiometric 
nitride Fe,N. From values given by Fast and Verrijp, 
and verified later by Rawlings and Tambini, the 
following equation expressing the free energy tem- 
perature dependence for reaction 8Fe+4N,—Fe,N 
was calculated: 


2620+ 15-147 )cal 


AG 298.-523° kK = | 


For the assessment of the thermodynamic stability 
of silicon nitride, tabulated values? were used. All 
relations thus obtained are summarized in a diagram 


(Fig.6). 


Authors’ conclusions 
The results of the work described led the present 
authors to conclude that equilibrium lines corres- 
ponding to the concentration of silicon in transformer 
steel lie above the lines for activity of silicon 10-* both 
in the system Si-Si,N, and in the system Si-SiC. For 
1000°C the activity of silicon 8-10-5 for the concentra- 
tion 1-9°%,Si in iron was quoted by Rawlings.?° Apart 
from that, silicon ranks among elements reacting 
strongly with iron, the partial latent heat of dissolu- 
tion for the dilute solid solution of silicon in iron being 
about 20 keal/g-atom.® It follows that the equilibrium 
lines in both systems will lie above the lines for corres- 
ponding activity of silicon, the difference being 
roughly 20 keal. The position of these lines for the 
activity of silicon between 10-3 and 10-4 is marked in 
Fig.4 by lined bands and wholly eliminates the possi- 
bility of presence of silicon carbide in the transformer 
steel under test. 

The thermochemical analysis thus permits us to 
state that in the temperature range investigated, 
silicon nitride is, besides the alpha solid solution, the 


Journal of The Iron and Steel Institute May 1960 


most stable phase in the,transformer steel. At low 
temperatures, however, this nitride cannot segregate 
owing to the low diffusion rate of silicon. Con- 
sequently, below the temperature about 220°C, the 
non-stoicheiometric nitride Fe,N is _ precipitated 
first. The positions of iron atoms in the lattice 
of this nitride coincide with the positions in 
alpha iron,!® so that a far lower activation energy is 
necessary for the germination of this phase than for 
the nitride Fe,N, in which the iron atoms are packed in 
the same way as in the gamma iron lattice. At tem- 
peratures over 220°C the stability of Fe,N is lower and 
thermal fluctuations of atoms in the alpha iron lattice 
are already so intense that a direct formation of 
nitride Fe,N is made possible. Because both lines 
expressing the temperature dependence of 4G, of iron 
nitrides pass from the metastable region to the region 
of instability, it is clear that, with rising temperature, 
a steadily increasing amount of stable silicon nitride 
will be formed and the iron nitrides will vanish from 
the structure. 

Thus, the thermochemical analysis and the com- 
parison of morphological and structural findings of 
present authors with the results of the work quoted 
above allow the conclusion to be drawn that structural 
changes occurring in transformer steel of the composi- 
tion investigated, after solution annealing followed by 
subsequent heating at temperatures from 50° to 
1000°C, may be divided into three ranges. 

In the region between 50° and about 240°C the trans- 
itional iron nitride Fe,,N, is segregated, in which some 
nitrogen atoms may be replaced by carbon, and then 
the nitride Fe,N is also segregated. 

The second stage, characterized by the disappear- 
ance of precipitate in the matrix and segregation of 
particles at the boundaries of ferritic grains, sets in in 
the neighbourhood of 240°C. The structure analysis at 
the beginning of this stage is not reliable, however, there 
are signs of co-existence of the phases Fe,N and 
Si,N,. At 450°C the matrix is clear and densely 
packed globular particles of the nitride Si,N, are 
segregated at the grain boundaries. This second stage is 
thus characterized by successive dissolution of iron 
nitrides in the matrix (with a possible prolonged 
transitional existence of the nitride Fe,N) and segre- 
gation of silicon nitride at the boundaries and also at 
the newly formed sub-boundaries of ferritic grains. 
The presence of typical dendritic particles suggests 
that local segregation of cementite also occurs. The 
slight amount of the latter has not been picked up by 
X-ray analysis. Temperatures in the neighbourhood of 
700°C when the precipitates at the grain boundaries 
are sintered into compact particles, may be considered 
as the end of this stage. The presence of brittle phases 
in the structure of transformer sheets is well known. 
The X-ray analysis shows that the nitride Si,N, 
remains the principal component of these particles. 

At higher temperatures there is a third stage charac- 
terized by successive dissolution of the segregated 
phases in the solid solution, which manifests itself 
markedly by the endothermic reaction at temperatures 
over 900°C, 


GENERAL CONCLUSIONS 


It has been shown, as a result of a complex investiga- 
tion of structural changes in brittle transformer sheets 





(4:34°%Si, 0-02%C, 0-019,N), that nitrogen is the 
active element that participates in the formation of 
non-ferritic phases both in the matrix and at the 
boundaries of grains. 

In the range up to about 240°C nitrogen is precipi- 
tated from the alpha solid solution in the form of iron 
nitrides Fe,,N, and Fe,N located in the matrix. 

From the point of view of brittleness and energy 
losses at temperatures between 240° and 700°C nitro- 
gen participates in a much more harmful form of 
segregation. In this temperature range after re- 
dissolution of iron nitrides, nitrogen diffuses together 
with silicon to the boundaries of ferritic grains, where 
it forms bands of nitride Si,N 4. 
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News of Special Reports 


Two new volumes have recently been published in the Institute’s Special 
Series, and may be obtained on application to the Secretary. 


Precipitation Processes in Steel is the title of no.64, which is a 
full report of a meeting held in Sheffield in July 1958, and 
organized by the Department of Metallurgy of Sheffield Uni 
versity. Sixteen papers by leading workers in this field, from 
Belgium, France, Germany, Sweden, the UK, and the USA 
were presented. They were divided into four groups, covering 
precipitation in ferritic steels, precipitation in austenitic steels, 
intergranular fracture in steels, and precipitation during creep. 
These papers are printed in full in the report, together with the 
lively and informative discussions at the meeting. There is 
little doubt that this is the most valuable book published in 
recent years on precipitation processes in alloy steels, a vitally 
important subject today, when alloy steels are required for a 
great range of new applications. 

Special Report no.65 is entitled Handling and Treatment of 
Iron Ores, and is a report of the meeting of the Institute’s Iron 
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teport 


and Steel Engineers Group held in Amsterdam in April 1959. 
Following an authoritative survey of the world iron-ore situa- 
tion by Mr C. R. Wheeler, c.B.£., there are a number of papers 
dealing with various aspects of the subject. The installations 
at the port of Rotterdam and IJmuiden in Holland, at 
Contrecoeur and Seven Islands, Canada, and at Margam and 
Cardiff in South Wales are described in a series of papers. 
There is an excellent survey of unloading facilities in the USA 
and Canada by Dr H. R. Mills of BISRA, and Mr T. V. 
Nicholson of the BTC account of the rail 
transportation of iron ores in the UK. In addition, there are 
papers on crushing, screening, handling, and blending plant 
for iron ores. 

Report no.64, costs £4 4s Od (£3 3s Od to members of the 
Institute) and report no.65 costs £3 5s 0d both to members 
and non-members. Postage is ls. 
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The thermodynamics of the conversion of 


magnesium and manganese oxides to sulphides 


FOR A FULL UNDERSTANDING of the physical chemistry 
of desulphurization by slags, it is important to have 
accurate information on pure phase equilibria of the 
type, 


MS + 40,=MO+ 48, (1) 


The data available for the equilibria involving calcium! 
and iron®: ® oxides are adequate but those for magne- 
sia and manganese have hitherto been open to con- 
siderable uncertainty. Equilibrium (1) is not suitable 
for direct study and it is best to measure the corre- 
sponding one involving water vapour and hydrogen 
sulphide, 

MS-++H,O=MO-+H,S ss(2) 

The method used was to circulate hydrogen and 
hydrogen sulphide through a water saturator and over 
a heated mixture of oxide and sulphide, the saturator 
being maintained at a suitable temperature to estab- 
lish the desired partial pressure of water vapour in the 
apparatus. The rate of gas circulation was maintained 
sufficiently high to prevent errors from thermal diffu- 
sion: the partial pressure of hydrogen sulphide was 
measured continuously by incorporating radio-sulphur 
in the mixture and introducing a GM counter in the 
gas circuit. In this way the gas could be analysed 
without withdrawing samples and the approach to 
equilibrium could be followed with ease; the final 
readings were taken after a steady state had been 
attained. 


EXPERIMENTAL PROCEDURE 

Materials 

The manganous oxide was produced by reducing 
reagent-grade dioxide by hydrogen at 
about L000 C. The magnesia was reagent-grade oxide. 


manganese 


The radio-sulphur (S*°) was received as powder. It was 
first converted to cobalt or copper sulphide by heating 
with excess metal in a sealed pyrex tube. Both reac 
tions were rapid, that for copper being specially so. 
These sulphides were then used as sources of H,S in 
the equilibrium apparatus, so that the GM counter 
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E. W. Dewing and F. D. Richardson 


SYNOPSIS 
The MS-+ H,O=MO-+H,S, where M is 


magnesium or manganese, have been studied by a gas 


equilibria 


circulation method, the H,S pressures being measured 
by the use of radio-sulphur. The standard Gibbs free 
derived from the measurements are 
250 cal (L000-1500°C) for the 
L J0500 


energy values 
6000 


reaction 


madqive sium 
L500 cal (0O-1200°C) for the 


and 


manganese, 


could be calibrated for appropriate ranges of H,S 
pressure. The radio-sulphur in the cobalt or copper 
sulphides was then used in the same apparatus to 
make the oxide + sulphide mixtures of manganese and 
magnesium as deseribed below under Procedure. 


Apparatus 

The apparatus is shown schematically in Fig.1. It was 
made entirely from pyrex glass, apart from the re- 
crystallized alumina reaction tube A which was sealed 
to the pyrex with Araldite resin. This tube, which was 
1 in. dia. and 30 in. long, was mounted horizontally 
within a platinum-wound resistance furnace. The latter 
was controlled by means of a proportional controller, 
actuated by a thermocouple situated between the 
reaction tube and the furnace. A second thermocouple, 
protected with alumina insulators and alumina 
cement, was placed inside the reaction tube, undet 
neath a long strip of alumina. This strip was used to 
protect the alumina tube from thermal shock when 
the alumina boats, which carried the various reaction 
mixtures, were pushed into the furnace. The leads for 
the thermocouple inside tube A were brought out 
through the pyrex glass by means of a seal made with 
picein wax; it was this thermocouple which was used 
to measure the equilibrium temperature. The Geiger 
counter F (GEC EHM2)S) had a mica window and was 
mounted above a chamber G which was 2:5 em dia. 
and 10 em long: through this the circulating gases 
were passed. The tube £ contained a boat of anhy- 
drone when the counter was calibrated by means of 
the sulphide mixtures as described below. For the 
equilibrium measurements the anhydrone was. re- 
moved and water saturating material inserted 
instead. Oxalie acid dihydrate’: ° was used for the 


Was 





Dewing and Richardson 


i Horizontalaluminareactiontulx Ceiger c¢ 
B Circulating pump Gas chamber for counter 
C Non-return valves ‘ ri ter 
D Trap 
E Tube for anhvdrone or water 

saturating mixture 


inter 


Apparatus 


lower partial pressures and saturated sodium chloride 
solution® for the higher. The all-glass pump, B and C, 
was similar in principle to the pumps described by 
tosen:’? the liquid in the U-tube was dibutyl phthalate. 


Procedure 
At the start of a run the apparatus was evacuated, 
except for the counting chamber, and filled with nitro- 
gen. The mixture of cobalt or copper sulphide and 
excess metal was then put into an alumina boat, and 
pushed into the furnace tube against a stream of 
nitrogen. The nitrogen was next pumped away and 
hydrogen admitted. Counting rates were measured 
for different temperatures of the sulphide mixture 
to calibrate the counter. After this the trap D was 
cooled in liquid nitrogen and gas circulation continued 
until the counting rate became very low; at this point 
the hydrogen was replaced by nitrogen, the cobalt or 
copper remaining from the original sulphide mixture 
was removed and magnesium or manganous oxide 
inserted. Hydrogen was re-admitted and trap D 
warmed to room temperature; the counting rate fell 
quickly, while the H,S reacted to produce the sulphide 

oxide mixture in the furnace. The apparatus was 
once more evacuated and opened under nitrogen 
while the anhydrone was withdrawn from F and the 
saturating material inserted; hydrogen 
introduced and circulation recommenced 
on readings of the counter were taken 

For the MgO+-MgS equilibrium, a mixture of 
Co-+Co,S, was used for calibration. The equilibrium 


Was re 
from then 


Co,8,+- 8H, = 9Co+ 8H,S = (3 


has been well established?: § and it conveniently gives 


TABLE | The equilibrium MgS H,.O MgO -H.S 





AG, cal 


Femp., °C 


pH, ), atm 


3 HS, ati 


1O17 0-00242 
G4 O-OOS00 


O230 5760 
oOyge Ooo 
6010 
5010 


G45 0-00266 
1197 0-00289 
1402 O-O0O300 
1495 0-00289 


O284 
O224 
oloo 6150 


O-O168 6170 





Conversion of magnesium and manganese oxides to sulphides 


TABLE It! The equilibrium MnS - H,0- MnO H.S 





Temp., pH,O, atn pH,s, atm dQ, eal 


1O06 O-o214 


0-0204 0-000403 10740 


O-OO0330 10670 


SUS 0-0220 O-O00250 10420 
10430 
10600 
1O210 
10470 


POs) 


1106 O-O215 O-O004749 
1215 O-oO216 0-O00598 
1008 Olgas 0-000354 
1 O08 
1216 
1024 


1024 O235 0-000407 


O20 O-O00n846 
O21u C-Mod 
O220 O-OO034S8 10680 


10470 





partial pressures of H,S up to 10°? atm in the presence 
of 1 atm of hydrogen. For the magnesium reaction 
oxalic acid dihydrate was used in the saturator. For 
the MnO+MnS system, a mixture of Cu 
used for calibration® 
between 10°4 to 10 


chloride 


Cu.S was 


because lower H,S_ pressures 
saturated 


source ot 


> atm were re quired 
sodium solution the 


Vapoul 


Was water 

Only two difficulties of any importance were en 
countered. When Cu 
small amounts of copper were evaporated and depos 
ited in the cooler portions of the reaction tube. This 
subsequently acted as a ‘sink’ for H,S and unless time 
was allowed for it to become converted to sulphide 
spurious low H,S pressures were obtained. When 
saturated chloride solution 10% 
humidity) was used as the water source a yellow liquid 


Cu.S was used for calibration, 


sodium (about 
collected slowly around the pump valves and ulti 
mately caused them to stick 
active 


This was strongly radio 
gave a flame test for sodium and 
reaction. The salt solution in the saturator was only 
slightly active. 


an alkaline 


RESULTS 


The results are given in Tables Land Il. Both apply to 
the solid phase equilibria only. It was found that a 
eutectic oxide and sulphide 
and 1400°C, 


between manganese 


occurred somewhere between 1200 


DISCUSSION 
The results for the system MgO -MgS in Table I do 
not show any significant trend with temperature, and 
an average value of — 6000-250 cal may be taken for 
AG independent of temperature 
this completed 
Pidgeon! have published data on the same equili 
brium. They passed a stream of hydrogen through a 
water saturator and over magnesium sulphide. They 
then measured the H.S content showing that at the 
flow rates used equilibrium between gases and solids 
had been attained. They represent their results by the 
equation JG $070 1-037 300) cal: LLSO 
1483°A) in the temperature range of the 
investigation, this gives values of 4G ran 
6770 to 6250 cal, i. 


Since work was Curlook and 


present 
ging trom 
some 500 cal more negative 
than the values obtained in the authors 
There are no reliable entropy data on which to base 
the temperature-dependent term of the free 
so it seems best for the present to recom 

6250-500 eal (1000-1500 C), for the 


experiments 


energy 
equation 
mend JG 
reaction 
The results for MnO--MnS can be represented by 
the equation JG 10500 4-300 eal, the slight trend 
with temperature being of little significance Jeffes et 
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al.) measured the heats of solution of MnO and MnS 
in aqueous HF and from the difference found 4H 
to be + 20970 +-250 cal for the reaction 

MnS + H,Oyiqg= MnO+H,S. 
When allowance is made for the heat of vaporization 
of water this gives a value of 10460 cal for 4H°,,, for 
the reaction studied here. This is so close to the value 
of 4G” found at high temperatures that it is safe to 
recommend a constant value of 10500-4500 eal for 
AG° throughout the range 0-1 200°C. 
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The activity of calcium oxide in slags 
in the systems CaO-MgO-SiO,, CaO-Al,O.-SiO,, 
and CaO-MgO-AI,O,-SiO, at 1500°C 


M. R. Kalyanram, M.Sc., Ph.D., T. G. Macfarlane, B.Sc., B.D., Ph.D. A.R.C.S.T., 


and H. B. Bell, B.Sc., Ph.D., A.R.C.S.T., F.1.M. 


BECAUSE OF THE LACK OF DATA on the activity of lime 
in slags of the blast-furnace type this work has been 


carried out in an attempt to assess the activity of 


calcium oxide in these slags. 


THEORETICAL CONSIDERATIONS 

Two previous investigations!, 2 have been made in 
which slags have been brought to equilibrium with 
gases containing SO, and in which the oxygen poten- 
tial has been controlled by CO and CO, or H, and CQ,. 
In this work slags in the systems CaOQ—Al,0,-SiQg, 
CaO-MgO-Si0O,, and CaO-MgO-Al,0,-SiO, have been 
studied using gas mixtures of SO,, CO, and CO,. The 
reactions involved have been summarized by Carter 


and Macfarlane! who showed that in the range of 


oxygen pressure 10-* to 10-8 atm only the reaction 
CaO+ 48,—CaS-+40, need be considered. For this 
reaction 

(acas) 


A( AaCaQ) 


K 


aCaS | PC )* 


acCaO PS, 


Ss \$ 
where <A (Ss) 


PO, 
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SYNOPSIS 
The sulphur equilibrium between CO-CO,-SO, gas 
mixtures and slags in the systems CaOQ—Al,O,—-SiQg, 
CaO-MgO-SiO0,, and CaO-MgO-Al,0,-SiO, has been 
studied at 1500°C. The results have been used to assess 
the activity of lime in these slags and the data expressed 
in the form Acao where 


Acao=(acao Y cas)/(ycas)- 


The values of Acao were found to be a simple function 

» , Ny 0 , N 1,0 7 
of the ratio (Neao T — Meo | (Nsi st seh, The re- 
sults have been discussed in relation to desulphurization 


in ironmaking. 1752 





A has been called the ‘sulphurizing potential’ of the 
gas and its method of calculation has been discussed 
by Carter and Macfarlane. These workers used 
Kelley’s? data for the free energy change in the forma- 
tion of gaseous compounds of 8, C, and O from SO, 
and CO. Since the publication of Carter and Mac- 
farlane’s work Dewing and Richardson‘ have deter- 
mined the heat of formation of SO from 8, and O,. Of 
the three values given by Gaydon for the dissociation 
energy of S, Dewing and Richardson, like St Pierre 
and Chipman® prefer the value of 83 kcal whereas 
Kelley*® has used the value of 101 kcal. Dewing and 
Richardson’s data for the reaction SO,—SO-+-}0, 
agree more closely with that of St Pierre and Chipman 





TABLE | Comparison of free energy data 





AG kilocalories 
Richardson Chipman 
and and 

Kelley® Jeffes? 


Dewing and 
Richard- 
St Pierre® son 


Reaction 





S,+20, 280, 112 112 . 
SO0,=S04 40, 47 +29 34:5 + 36-4 
S0,+CO=COS+0, + 66 +66 

80,=8+0, +83 +68 





than with the other published data of Kelley and 
Richardson and Jeffes.* Dewing and Richardson’s data 
were based on two independent methods and they are 
used in this work in preference to Kelley's. The 
various data are compared in Table I and their effect 
on the ‘sulphurizing potential’ given in Table IT. 


Carter and Macfarlane! calculated the activity of 


calcium oxide using the sulphur picked up by a slag 
of unit lime activity brought to equilibrium with a 
gas of sulphurizing potential A’. 


4aCaS 


(S)=concentration of sulphur in slag 
ys” = activity coefficient of sulphide ion in the slag 


where A’, (S°), and y° refer to the standard slag. No 
experimental data are available on the activity of the 
sulphide ion in these slags. Therefore to calculate 
Acao it must be assumed that at the low sulphur con- 
centrations encountered in this work it is not greatly 
different from that in the standard slag. Carter and 
Macfarlane? in their work on CaO—SiO, slags assumed 
that the activity coefficient of sulphur in the slag was 
proportional to the solubility of sulphur in the slag 
and used a ratio of the sulphur solubility in the CaO 

SiO, system to that in the standard slag of 0-75. Hence 
they chose a ratio of 0-75 for Ye"lY 9’: In this work 
variations in slag composition have been much greater 
and very little is known of the sulphur solubility in 
these slags. Because of this no empirical correction has 


been applied and the results are presented as values of 


A¢ag Which has been calculated from the relations 
(%S)A°? 


Acao 70/7 € 
(%S°)A 


1. Acao in the system CaO—-MgO-Si0, 


Kalyanram et al. Activity of calcium oxide in slags 59 


TABLE I! Comparison of sulphurizing potentials using data 


in Table | 





Dewing 


Richardson 
and and and 
St Pierre® Richardson* 


Chipman 
CO/CO, SO,, Kelley? Jeffes? 
100 205 340 M45 


770 485 710 680 





This is the major uncertainty in this work since it 
assumes that at the sulphur concentrations encounter- 
ed in this work y,- is the same for all the slags 
investigated. Hence the results have been expressed 
as values of Agyo rather than true activities. When 
data on the activity of sulphide in slags of this type is 
available this can be corrected to true values of agag 
The values of Agag give a good assessment of the 
relative desulphurizing power of these slags. 

It is unimportant how the sulphide ion interacts in 
the slag as far as using Acgo as a measure of the de- 
sulphurizing power of the slag is concerned. But using 
it as a measure of the activity of calcium oxide in the 
slag the assumption must be made that the sulphide 
ion interacts almost wholly with the calcium ion and 
not to any appreciable extent with the aluminium, 
silicon, or magnesium ions. The latter assumption can 
be justified by the much greater stability of CaS com- 
pared with MgS. An experiment in which an MgO 
B,O, slag of 72°,,MgO was brought to equilibrium with 
a gas of sulphurizing potential A(358) gave an absorp- 
tion of only 0-024°,S. This slag has an ayyo of almost 
unity and this sulphur absorption can be compared 
with a slag in which a¢,g—=1 which under similar con- 
ditions absorbed 2°,S. 

Some confirmation that the values of A ga are close 
to the true values of agg can be obtained from the 
work of Taylor and Kay.!* These workers have mea 
sured the agg, in, among others, CaOQ—SiO, slags and 
from their results agag can be calculated using the 
Gibbs-Duhem equation. These show very good agree- 
ment with the A¢,g values given for CaO-SiO, slags 
in Fig.1. 


EXPERIMENTAL PROCEDURE 


The apparatus has been described by Carter and 


2 Acao in the system CaO-Al,O,-SiO, 
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TABLE Iti! Experimental results for CaO- MgO SiO, system 





Composition, wt- 


Slag no. CaO Sif 


Sulphurizing 
potential, A 





CaO 
%~rniO 


2 
CSM 


0-965 


oO de ee ie ide 
Ae aes 
LAA AD 


Jes -3 +1 
on On tn @ 


te to be 


3 
5 
+ 
o 
5 
3 
1 
l 
l 
] 
| 
o- 
5 
8 
8 
8 
8 
s 
8 
8 


te be be 


0-033 
0-029 
0-031 
0-042 
0-053 
0-072 


0043 
“0039 
0049 
0054 
0069 
0098 


0-056 
0-062 
0-065 
0-077 
0-095 
0-128 


0-083 
0-098 
0-119 
0-145 
0-104 
O29] 


OOS85 
O10 
O12 
OLS 
021 
031 


0-134 
0-163 
0-239 
0-329 
0-542 
0-645 
0-041 
0-040 
0-033 
0-028 
0-024 
0-042 
0-039 
0-038 
0-029 
O-O28 
0-O28 
0-313 
O-1S7 
0-265 
0-263 
0-203 
0-232 


O-217 


‘O14 
‘O17 
O25 
“O34 
“058 
069 
0041 
0040 
“0033 
O026 
0023 
0048 
0044 
0043 
0032 
0031 
0031 
O35 
O32 
029 
029 
022 
0-025 
0-023 





Macfarlane.! The gas mixture was analysed by a simi- 
lar method, the main difference being that the SO, 
was absorbed in dilute HCl and the H,SO, formed was 
titrated with standard KI-KIO, solution. The sulphur 
in the slags was analysed by the combustion method 
of Fincham and Richardson. 

Several experiments were made to find the time 
necessary for attaining equilibrium between the gas 
and slag. It was found that equilibrium could be 
reached in about 3 h and all the slags were therefore 
held in the gas atmosphere for at least 4 h at a flow 
rate of 140-150 ml/min. All the experimental work 
was carried out at L500°C. 

An assessment of the experimental errors which 
arise mainly in the analyses of slag and gases suggests 
that $°°. The errors involved in the 
calculation of the sulphurizing potential of the gas are 


the error is 
greater because of the uncertainty of the thermodyn- 
amic data, and are probably of the order of 
giving a total error of bn 

The Age values are assumed to be those for a slag 
of the initial composition and any effect of the substi- 
tution of small amounts of sulphur for oxygen is 
ignored. 


BY 
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RESULTS 


CaO-MgO-SiO? system 

CaO-SiO, slags of ratios (°,CaQ)/(%,SiO,) of 0-542, 
0-674, 0-85, and 0-968 were prepared and to these slags 
varying amounts of MgO were added. Also slags with 
fixed silica contents of 43-2°,.. and 64-86°,, 
and in which the ratio (°,CaQ) (°,>MgQO) was varied 
were prepared. These slags brought to 
librium with CO-CO,-SO, gas mixtures and 
Agag Values determined. 


7) 


59-75%, 
were equi- 
their 


The results are given in Table LIT and isoactivity 
lines are shown in Fig.1. For slags of constant (°,,CaO) 
(°%,SiO,) ratio Agag was found to increase with in- 
creasing MgO additions and this increase was more 
marked the higher the (°,CaQ)/(®,SiO,) ratio. At a 
constant silica content the value of 
with increasing MgO content. 


Ag¢ag decreased 


It is interesting to compare the results of these slags 
with those of Carter and Macfarlane for CaO-SiO, 
slags. The latter data have been recalculated to bring 
them on to the same basis as the present work by using 
the data of Dewing and Richardson and omitting the 
empirical correction of 0-75. If values of Agyg are 
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TABLE IV Experimental results for CaO Al,O,-SiO, slags 





o-ovd 
O-o29 
O-O047 
0-0027 
0-00 
00-0063 
ob Oh 
O-O0O78 
0-010 
O-O0904 
O-O1R8 
0-00389 
00-0047 
O-OO72 
O-O005 
00-0006 
O-O16 
o-oo 
Oar 
O-olLs 
O-O17 
O-O16 
143 O-olM 
005 182 O-O14 
2 O60 229 O-OL7 
2112 tg 0-22 
2195 324 0-023 
2195 $4 O-O80 
2 1lO 42° O-o3e 
2 O80 126 00-0004 
Oll7 O-ooll 
0239 O-024 
OHSS O-0071 
O1l5s9 O-OO16 
0256 00-0039 
1273 O-O13 
OOOR 0O-O010 
O405 00-0041 


2054 0-023 





sidered in connection with the CaO—Al,0O,-MgO-SiO, 


slags. 


plotted against the ratio {N — (Nsio,) the 
results for the CaOQ—SiO, and CaO-MgO-SiO, systems CaQ—-AIl,O.—SiO, system 

are found to fall on the same curve as shown in Fig.3. A series of slags in the svstem CaO—Al,O.-SiO, were 

This suggests that over the range of composition prepared and their values of A¢ao determined as des- 

investigated the desulphurizing power of these slags is — eribed. The results are given in Table IV and the iso 

a simple function of this ratio. It will be further con activity lines plotted in Fig.2. At a constant CaO 

content replacement of SiO, by Al,O, was found to 

increase A eso 

Comparison with the data on the CaO-SiO, system 

suggested that the replacement of SiO, by Al,O, could 


3 Data for Acao for all slags plotted against molar ratio 4 Data from Hatch and Chipman® 
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TABLE V_ Experimental results for Ca0-MgO-Al,0,-Si0, slags 





Composition, wt-% 


Slag no. CaO Al,O; 


Sulphurizing 


potential, A 8, wt- Ano 





CASM 


D1 orm Go bo 


ose 


-09 
39-31 
7:24 
“18 
23-28 
2-05 
“83 
*39 
2°58 
77 
43-60 
41-30 
39-01 


Sani aonrt ww 


= 
“IDtoto Who w 


re Oh = oO 


= 

Seo 

roe OF 
a 


bo bo bo BS be be be fe 


a 
nD 


oO 


0-013 0-0012 
0-016 0-0015 
0- 0-0014 
0-0020 
00-0034 
0-0047 
0-0088 
0-012 
0-017 
0-0020 
0-0024 
0-0034 
0-0048 
0-0060 
0-0089 
0-021 
0-026 
0-047 
0-0012 
0-0016 
0-0041 
0-0066 
0-0088 
0-011 
0-030 
0-380 0-040 
0-534 0-058 





Nao) 
3) 
Values of Acgao have been plotted against the corres- 
ponding value of this ratio in Fig.3 for the CaO-SiO,, 
and CaQ-—Al,0,-SiO, systems. 

CaO—-MgO0-Al,0,-SiO, system 

A series of slags in the quaternary system CaO—-MgO 

Al,0,—SiO, were prepared. These slags contained up to 
15% MgO and up to 18%Al,0, with widely varying 
ratios of (°%CaO)/(°%SiO,). Values of Aca were deter- 
mined as previously and the results are given in Table 
V. Examination of the data on the CaO-MgO-SiO, and 
CaO-Al,0,-SiO, systems suggested that all the data 


Sse) | 


(Nsio, + Sues) and this has been done in Fig.3. This 


be correlated using a ratio (Ncao) (Nsio, t 


could be correlated using a ratio (Neao4 


shows a very good correlation between Acao for the 
binary system CaO-SiO,, the ternary systems CaOQ— 
MgO-SiO, and CaO-Al,0,-SiO,, and the quaternary 
system CaO-MgO-Al,0,-SiO, for the range of slag 
compositions examined. These range up to 0-22 mol 
fraction MgO, to 0-32 mol fraction Al,O, and from 0-1 
to 0-55 mol fraction CaO and 0-27 to 0-65 mol fraction 
SiO,. The curve drawn in Fig. 3 is based on numer- 


4 r \ / r \ 
cus data in the range(Neao } Nue0) (xs, | Naor 
0-2 to 1-4 but above the ratio of 1-4 more data is 
necessary to finally decide the curve, and it is repre- 
sented by a broken line in this range. The limited data 
obtained above the ratio of 1-4 suggest that Al,O, 
may have a slightly greater effect in lowering Agao at 
the higher basicities than the ratio used would suggest. 
It is not proposed to put forward any theory as to 
groupings of MgO, Al,O,, SiO,, and CaO in the 
liquid state to explain the correlation of Acao with 


(Neao + Neo) (No, “auen) The ratio has only 
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been shown to hold within the composition limits 
studied in the present work and is purely an empirical 
one, but it is suggested that it gives a useful method of 
determining the desulphurizing power of any slag. 


DISCUSSION 

Fincham and Richardson? and Abraham and Richard- 
son! have given data for sulphur capacities (Cg) of 
some slags in the CaQ-Al,0,-SiO, and CaO-MgO- 
Al,0,—SiO, systems. Their sulphur capacities are calcu- 
lated from the relation Cg=(%S) +/(po,/ps,). This is 
proportional to the A¢ao used in this work. The data 
for the eleven slags studied by these workers show a 
correlation between sulphur capacity and the ratio 


(‘Nao + Nuz0) 1 (Xs0, + Sayor), The majority of 


these slags were more basic than those studied in this 
work. The actual numerical values of the sulphur 
capacity for comparable slags are approximately twice 
those found in this work. Fincham and Richardson 
used gas mixtures consisting of H,-CO,-SO,—N, and 
the differences in Cg values must be attributed to the 
thermodynamic data used to calculate pg, and pos» in 
the different gas mixtures. In this work the results 
have been expressed as a ratio of the sulphur capacity 
of the slag to the sulphur capacity of a standard slag of 
unit activity of calcium oxide. Four of the slags studied 
by Abraham and Richardson had similar °,CaO-+ 

°% MgO contents but differing (Al,0,)/(SiO,) ratios and 
their varying sulphur capacities can be correlated 
using the basicity ratio developed in this work, 

Data on the sulphur distribution between carbon 
saturated iron and CaO-MgO-AI,O,-SiO, slags have 
been published by Hatch and Chipman.* Their data 
have been recalculated to determine the Ago for 
their slags using Fig.3. This has been plotted against 
the ratio (°S)/[ag] and the data are shown in Fig.4. The 
values of ag in the metal have been determined by the 
method described by Chipman.® Hatch and Chipman’s 
data can be divided into three groups depending on the 





sulphur content of the slags. Two of the three groups 
are slags containing about 1-5 and 2-5°%S. Good cor- 
relation within these groups is shown in Fig.4 and 
this is further confirmation of the usefulness of the 


ratio (Neso-+ Nase) / (Ns, + anon) 


Insufficient data are available for the slags contain- 
ing 4:5%S. 

The data on Fig.4 for slags containing 1-5°, and 
2-5°S can be represented as straight lines as indicated. 
This enables an equilibrium constant for the reaction 


§8+Ca0+C=CaS+CO 
(Aacas) pco 


to be calculated, if Agao is substituted for acgo. 
Since in the experiments of Hatch and Chipman 
graphite crucibles were used this reduces to 
(acas) 


[as] (acao) 


For the 1-5%S slags K is 425 (ac,s) and for the 
2-5%8 slags K is 296 (aca) showing that the activity 
coefficient of CaS decreases with sulphur content. 

This value of K could be compared with that calcu- 
lated from the free energy data on CaO,!® CaS,?7 CO,15 
and the solution of sulphur!® in iron. But unfortu- 
nately this data is subject to an error of +11 keal and 
leads to a value of K in the range 35 to 11500 and 
hence it is impossible to compare them. The only data 
with which comparison is possible is that of Rosen- 
qvist!® who gave a value of 490 at 1500°C. This is 
higher than the value obtained from Fig.4 and if 
correct suggests that Ac¢ao is higher than the true 
Acao for the slags. 

The direct proportionality between Acggg and 
(%S)/[as] would indicate that the agas in the slags 
was independent of the slag basicity. But an examina- 
tion of the data plotted in Fig.4 for the slags contain- 
ing 1-5°,S suggests that a curve might represent the 
data better and this is shown as a broken line. This 
would mean that the gradient of the curve Agao 
against (°,S)/[ag] would increase with basicity and 
hence the activity coefficient of sulphur in the slag 
would decrease with basicity. This is in line with an 
increase in sulphur solubility with increasing basicity 
reported by various workers.!!. !* Since the values 
of Agag have been calculated assuming that the 
activity coefficient of sulphur in the slags does not 
vary with basicity, then Fig.4 would suggest that Aco 
tends to be overestimated (relative to the true aca) 
as the basicity increases. Any correction made to 
Acao because of the change in activity coefficient of 
sulphur with basicity would increase the curvature of 
Fig.4. This emphasizes the importance of obtaining 
data on the activity of sulphur in slags. 

The slags studied in this work are those of interest 
to the blast-furnaceman. It has been shown that with- 
in the range of composition investigated the relative 
desulphurizing power of these slags can be assessed by 
their ratio 
=e) (Nsio,+ 


Nal,( ») 


(Ncso4 3 


This ratio can be readily calculated from an analysis 
on wt-% using the function 
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Ngo 
2 (%CaO) + 0-7(% MgO) 
0-94(%Si0,) + 0-18(%Al,0,) 


Ncao t 





Nal,0, 
3 
Richardson!‘ has pointed out that there seems to be 

a substantial advantage in choosing slags not only 
more basic but also higher in alumina. This work gives 
quantitative support for this statement showing on a 
wt-°, basis that silica is five times more effective in 
lowering desulphurizing power than is alumina. It is 
generally believed by blast-furnacemen that the 
higher alumina slags are to be avoided, but from the 
point of view of desulphurization and also from melt- 
ing points, as can be seen from the data of Osborn et al. 
it would appear that they are more desirable. This 
would suggest that the reasons for the furnace troubles 
in high alumina burdens might be in the bosh slags 
rather than in the hearth slags, and that these troubles 
might be minimized by the use of all sinter burdens in 
which the fluxes are added to the sinter. 

The value of magnesia is mainly in the fact that by 
reducing the melting point of the slag it allows slags of 
higher basicities to be carried in the furnace. From 
this work the effect of magnesia on the desulphurizing 
power of blast-furnace slags appears to be less than 
that attributed to it by Osborn et al. and other work- 
ers. Its effect on the relative desulphurizing power of 
the slag is 0-7 of that of an equivalent increase in wt-°%, 
lime. 

Richardson'™ has suggested that the sulphur par- 
tition between blast-furnace slags and metal might be 
represented by an equation of the type 

(S) 
log iS] T 


Nsio, T 


(wNcaod t rNugo yNsi¢ ys zN Al,( dale 


From the data of Hatch and Chipman used in Fig.4 a 
similar equation has been calculated and at 1500°C 


Ngo 
Ncao+- 


(%S) 2 
log — 1:3 


[as | 


Nsio, 1 NAl,O, 
3 

This holds for slags containing about 1-5°,S. To make 
it applicable to a wider size of compositions would 
require data on the activity coefficient of sulphide in 
slags. Taylor and Stobo have shown that for a normal 
basic iron the activity coefficient is about 4-5: hence 
replacing ag by [°S8] the relation 


(% CaO) + 0-7(% MgO) 


5° 8D 


0-74(%SiO,) + 0-18(%Al,O,) 


(%5S) { 


log ro, SI } 0-43 


can be obtained. 


CONCLUSION 

This work has shown that the values of A¢ao in the 
systems CaOQ-Al,0,-SiO,, CaO-MgO-SO,, and CaO- 
MgO-Al,O,-SiO, can be correlated with the ratio 


(Ncao *M20) Ixsio, SAN) 
within the range 0-3 to 1-5. Because of the lack of data 
available on the activity of sulphide ion in the slags 
the results have been expressed in terms of Agao 
rather than true activities of calcium oxide, but once 
data is available on ag” then Acag can be adjusted to 
give values of aga. Even with these reservations the 
data presented are valuable in giving relative values of 
activity of lime in the slags examined. 
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The influence of non-metallic inclusions on the 


fatigue properties of ultra-high-tensile steels 


M. Atkinson 


INTRODUCTION 


THE ROLE Ol 
received 


INCLUSIONS in steel has 
attention, much having been 
written on this topic in the last 35 vears. The popu- 
larity of the Fox inclusion count! showed the need for 
a quantitative assessment of inclusions, although this 
count was in fact shown? to be not strictly quanti- 
tative. Many attempts to invent better techniques 
seem not to have shaken its popularity, however, 
probably on account of its simplicity and because more 
elaborate counts often yield little more useful infor- 
mation. 


NON-METALLI 
increasing 


Inclusions are assumed to be detrimental to the 
mechanical properties of steel but there has been little 
evidence of any direct relationship between non- 
metallic content and fatigue properties. It is generally 
agreed that fatigue resistance is one of the properties 
most sensitive to the influence of inclusions and that 
ultra-high-tensile steels are most susceptible in this 
respect. However, the relationship has proved to be 
elusive owing to the difficulties of measuring and 
analysing all the factors. Non-metallic inclusions were 


examined in detail during a recent investigation® of 


the fatigue properties of En24 steel heat-treated to 
125 tons/in® static tensile strength. The authors stated 
that ‘no direct association could be detected between 


the incidence of fatigue failure and the presence of 





Manus« ript received 17 September 1959. 
in the Metallur 


tesearch Department of the Steel Company of Wales 


The author is Senior Research Metallurgist 
gical 
Ltd. When the work described in this paper was carried out, 


he was a research metallurgist with the Fairey Aviation Co 
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SYNOPSIS 

The relationship between non-metallic inclusions and 
steels heat-treated to 
125 tons/in® tensile strength has been investigated. A 


the fatigue prope rties of about 
theory for the influ nce of inclusions has been deve loped 
and a new counting technique devised to comply with this 
theory. The new technique is based on the stress concen- 


attributable to and the 
assessment is facilitated by the use of a chart. 


tration individual inclusions, 

Eight groups of fatigue test pieces have been examined 
and the inclusions which they contain are described. 
Fatique test results together with inclusion counts using 
the Fox and the new technique are reported and a rela- 
tionship is observed between the latter and the fatique 
prope rties. L780 








non-metallic inclusions, but there was some indication 
that certain inclusions may have contributed to the 
initiation of a few failures’. 

The work of Frith? in the UK and of Cummings, 
Stulen, and Schulte® and Ransom® in the USA, for 
example, has indicated that inclusions do influence 
fatigue failure though no technique has been estab- 
lished for estimating this influence quantitatively. The 
immense complexity of the problem may be appreci- 
ated if the factors which govern the relationship are 
considered. These include the shape, size, physical 
and chemical properties of the inclusions and their 
distribution and orientation with reference to the 
applied stress; the physical properties of the parent 
metal and the modification of those properties in the 





TABLE | Material details 
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Chemical composition, % 


Steel Cc P Ss Si Mn 


Specimen 
location 


Tempering TS, 
temp., °C 2 


Bar size tons/in 





A 37 
B, cast a 44 
B, cast b 45 0-004 0-004 2 60 
B, cast c 43 0-014 0-010 2: 59 
Cc 37 5 ‘57 
D 40 0-034 0-017 51 
E 38 0-027 0-019 2 65 


0-020 
0-009 


0-011 -22 -60 
0-01 ‘68 


4 in. 8q. 3 in. ped 350 


4 in. dia. 2} in. ped 300 
4 in. dia 2} in. ped 275 
4 in, dia. 2% in. ped 280 
4 in. sq. 3 in. ped 350 
2% in. dia. 1% in. ped 350 
j in. dia Centre 180 





vicinity of the inclusions; and the nature and magni- 
tude of the applied stress together with any residual 
stress system. 

In the work reported here the relevant properties of 
the non-metallic inclusions were predicted theoretic- 
ally and these qualities were measured by a new 
technique. This approach was adopted to avoid the 
confusion of numerous variables and had the advan- 
tage of providing a premise that could be appraised 
experimentally. The new technique for evaluating the 
inclusions is based on the estimation of the stress- 
raising propensity of each observed inclusion in a 
representative sample; the theoretical arguments 
which led to its development are presented in the 
discussion. 

The fatigue lives of several ultra-high-tensile steels 
were compared with their non-metallic contents using 
both the Fox inclusion count and a new method of 
inclusion counting. A relationship observed 
between the fatigue properties and the stress-raising 
propensities of the inclusions as measured by the new 
technique. The object of this work, which was carried 
out in the laboratory of Fairey Aviation Ltd, was to 
try to derive a method of inclusion rating for ultra 
high-tensile steel which would indicate fatigue proper- 
ties. 


Was 


INVESTIGATIONAL PROCEDURE 


The fatigue life of a test specimen is governed by 
numerous factors besides those obvious considerations 


which define the test conditions. It is difficult to 


Typical du ple r inclusion in 
steel A, unetched GOO 


Duplex inclusion in steel A, 


unetched 


GOO 


} 
inctu- 
unetched 
700 


3 Complex silicate 


sion in steel A, 


control accurately the smoothness and residual stress 
of the test piece surface, and the influence of casting 
and mechanical and thermal history 
increases the difficulty of obtaining good correlation 
between fatigue properties and any one variable. 


segregation 


In this work all the specimens were heat-treated to 
about 127 tons/in? tensile strength and prepared in the 
same way to obtain fatigue test pieces of the plain 
(un-notched) type with similarly polished surfaces 
free from decarburization. There was, however, some 
variation in the method of fatigue testing since some 
specimens were stressed by reverse plane bending and 
others by rotary bending. This probably had an influ- 
ence on the scatter among failures above the endur- 
ance limit but no great effect on the endurance limit 
itself. With the specimens of steel C, which were all 
derived from the same length of bar, there appeared 
to be very little deviation associated with the testing 
method. 

The material employed for this investigation con- 
sisted of samples of tive steels which had already been 
subjected to fatigue testing. One of these (steel B) was 
available from three separate thus 
studied with three levels of inclusion The 
chemical composition, bar size, and other details for 
each sample are given in Table L. 


and 
content 


casts was 


Broken test pieces from the completed fatigue- 
testing programme were examined in an attempt to 
correlate the fatigue properties with the non-metallic 
Each test longi- 
tudinally, and the larger piece was ground down to the 
original median plane of the test piece. The inclusions 
visible in the polished faces of these sections were 


inclusion content piece was sawn 


assessed by counting techniques confined to the 
central waisted sections which had experienced the 
maximum fatigue stress. 

There are a number of methods by which the non- 
metallic content of a steel may be assessed; the most 
popular is probably the Fox inclusion count. There 
appeared to be no relationship between the Fox count 
and the fatigue properties of the samples examined 
therefore alternative forms of counting technique were 
considered. These methods involved the classification 
angular oxide 
and sulphide inclusions, or assigning to 


of inclusions into types, e.g. 
oxide /silicate 


stringer 


4 Inclusions in steel 1. unetched £ GOO 
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5 Complex silicate inclusions in steel B (cast a), unetched ~ 700 


each field values based on the shape, size, and distribu- 
tion of the particles observed. However, inclusion 
counts based on these systems proved to be unneces- 
sarily complicated and difficult to interpret and were 
abandoned. 

A more promising relationship between the fatigue 
properties and the non-metallic inclusion content was 
obtained by estimating the stress-raising effect of the 
inclusions. No attempt was made to determine any 
absolute value for an inclusion but relative values 
were estimated for all inclusions observed in 100 fields 
and summed to yield a number representative of the 
inclusions in that sample. This method is based empir- 
ically upon a consideration of the stress concentra- 
tions attributed to the cavities defined by the surfaces 
of the inclusions. It is assumed that non-metallic 
inclusions behave in a similar manner to cavities, 
especially under conditions of tensile stress, and that 
the intrinsic stress-concentration factor of an inclusion 
can be calculated from its shape in much the same way 
as notches are assessed. The stress-raising effect of an 
inclusion is related to the decrease of load-bearing 
area and to the pattern of stress distribution in its 
vicinity, which is a function of the shape. Any 
chemical effects of inclusions on the surrounding metal 
are ignored although it is obvious that the composition 
of the steel adjacent to an inclusion must differ from 
the overall analysis. For the sake of simplicity, 
physical effects which allow stresses to be carried by 
the inclusions are also ignored, since it is thought that 
any strength reduction due to inclusions derives largely 
from the stress concentration caused by the discon- 
tinuities in the matrix. 


TABLE If Results of reverse plane bending fatigue tests and 


inclusion counts on steel A 





No. of evycles to 
failure, x 106 


Inclusion count mean values 
Fairey count Fox count 


Stress, 
2 
+ tons/in* 





48-8 5-49 26 28 
47-0 4-09 25 45 
46°$ 16-18 39 85 
75 52 69 
1-93 72 30 
5-83 31 66 

9-97 47 

72 25 

8-29 45 

18-60 79 

50-00* 53 





* Test piece unbroken 
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Rationalization of this principle has resulted in the 
formulation of a new type of inclusion count which 
seems to give a very good appraisal of the non- 
metallic inclusion content of a steel. This new inclu- 
sion-counting technique is designated the ‘Fairey 
inclusion count’ to distinguish it from other inclusion 
counts and to facilitate reference to it in this text. 


THE FAIREY INCLUSION COUNT 
A representative area of the material, in a plane paral- 
lel to the direction of applied stress, is polished and 
microscopically examined. The count number of an 
inclusion viewed on a screen at a magnification of 
200 dia. is given by the formula 

kK 


where d is the apparent width in mm ( x 200) of the 
inclusion and K is the stress-concentration factor 
obtained by manipulating the formula?’ for notches 


K YAy ; (=3 for a sphere) 

where K is the theoretical stress-concentration 
factor, y is a constant taken as equal to 2 for this 
purpose, h is the depth of the notch, and R is the 
radius at the root of the notch. One hundred fields of 
3 in. dia. at x 200 are examined and the count num- 
bers of the individual inclusions are summed to give 
the Fairey inclusion count number for that sample. 

To obviate calculating the value of each inclusion 
the image on the screen is compared with a chart of 
representative inclusions with their count numbers. 
This chart (Fig.15) contains geometric shapes for 
comparison with the observed inclusions, and its use 
has enabled counts to be made as easily as with the 
familiar Fox count. Very good correlation is obtained 
between counts on the same specimen provided that 
no unusually large inclusion is observed in one count 
only. 

The Fox inclusion count was adopted as a standard 
of comparison, since it is a well known and widely used 
method which gives some indication of the quantity of 
non-metallic matter observed in each specimen. 
Duplicate Fairey and Fox inclusion counts were made 
on each of 63 fatigue specimens, and these, together 
with the preliminary work of developing the Fairey 
count, involved the microscopic examination of some 
25000 fields. 





-o & 0 ap Lill 8 


6 Fragmented siliceous inclusions in steel B (cast c), unetched 
150 


RESULTS 

Steel A 

Non-metallic inclusions were detected in the origins 
of failure of some of the fatigue test specimens. 
Examination of transverse planes close to the fracture 
zones showed that the inclusions were apparently 
siliceous and inclined to be angular. 

Detailed microexamination of the longitudinal 
median planes of fatigue test pieces revealed various 
types of inclusion, including sulphide particles elon- 
gated in the direction of working, complex silicate 
particles often negligibly deformed, duplex sulphide 
silicate particles, and undissolved carbides. A typical 
duplex inclusion is shown in Fig.l] and can be seen to 
consist of manganese sulphide deformed in the direc- 
tion of working and containing a silicate particle. 

Figure 2 shows a similar inclusion but in this in 
stance little directional deformation has occurred. The 
complex silicate inclusion shown in Fig.3 is of a similar 
type to the inclusions observed at the origins of fatigue 
failure. These silicate inclusions are generally larger 
than the more numerous duplex inclusions and show 
little evidence of elongation during working. A single 
particle of this type may account for half the numeric- 
al value of a Fairey inclusion count. 

The most notable features of the non-metallic 
material in this steel are the presence of apparently un- 
deformed inclusions, the random occurrence of com- 
paratively large silicate particles and the groups of 
undissolved carbides (Fig.4). 

The mean values of duplicate inclusion counts for 
each fatigue test piece microscopically examined are 
recorded in Table Il with the fatigue test results for 
those specimens. 


Steel B 


All the samples of this steel contained inclusions of the 
manganese sulphide, complex silicate, and duplex 
sulphide/silicate types. Complex silicate inclusions in 
which several phases are discernible (Fig.5) are par- 
ticularly prominent in cast a and appear to contain 
both plastic and brittle constituents. The inclusions of 
this type in cast b do not seem to be as large as those in 
cast a, and in cast ¢ the silicate inclusions have been 
broken up during the hot-working (Fig.6). The sul- 
phide inclusions also exhibit differences in the degree 


7 Typical sulphide inclusion in steel B (cast a), unetched x 400 
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8 WSiliceous inclusions in steel C, unetched 500 
of plastic deformation: those in cast a are relatively 
large and rounded (Fig.7) in contrast with the elon- 
gated particles in cast ¢ (Fig.12). 

Casts a and 6 contain similar amounts of non- 
metallic material as measured by the Fox count but 
the particle size and distribution are more uniform in 
cast 6. The inclusions in cast c are smaller, fewer, and 
more elongated than in the other casts, and contain a 
smaller proportion of silicate. 

The inclusion counts and fatigue tests results for 
specimens of this steel are presented in Table IIT. 


Steel C 


This steel contains non-metallic inclusions similar to 
those found in steel A which also has a high silicon 
content. Sulphide, silicate and duplex particles were 
observed only slightly elongated in the longitudinal 
direction, although silicate inclusions 
appear to have been broken up. Examples of the 
inclusions are illustrated in Figs.8, 9, and 13. 

Specimens were available from both rotary bending 
and reverse plane bending fatigue tests, and the test 
data are reported in Table IV. 


some large 


Steel D 


The inclusions observed in this material were nearly 
all sulphides of fairly uniform size and dispersion 
Small quantities of another non-metallic 
often seen outlining the sulphide particles 
typical inclusions is shown in Fig.10. 


phase are 


A group of 


TABLE Ii! Results of fatigue tests and inclusion counts on 


Steel B 





Inclusion 


values 


count mean 
Stress, No 
tons 


of evcles to 


Cast failure, x 10° Fairey count Fox count 


Reverse pl 


b 60-0 


ine bending 


1-82 
55-0 4-20 
52-5 06 
52-0 16 
50-0 
40-1 
48-0 


47 


Rotary bending 


65-0 

60-0 24 

57-5 34 

55-0 ll 

54-0 22-00 
53-0 ; 00* 


—— to 
wownwe-! 





* Test piece unbroken 
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ie e as = 


ay 


ol? 


9 Group of sulphide inclusions in steel C. unetched 700 


The fatigue test results and mean values of inclusion 
counts are recorded in Table V. The consistent varia- 
tion between the count numbers obtained by the 
alternative methods is due to the general similarity of 
the inclusions in respect of size and shape 


Steel E 


The non-metallic material in this steel is present in the 
form of fine threads. Occasionally small undeformed 
inclusions such as that shown in Fig.11 are discovered 
but these are exceptional. Figure 14 shows the usual 
appearance, which is obviously due to the reduction 
the sample has suffered during rolling to ?-in. dia. bar 
and accounts for the very low Fairey inclusion counts. 
Table VI contains the fatigue test results and inclusion 
counts 


DISCUSSION 
In general terms, the failure by fatigue of a metal 
component is regarded as being due to the extension 
of localized cracks. Such cracks are formed and propa- 
gated by fluctuations in the stress level and any factor 
which influences the stress distribution is therefore of 
importance in determining fatigue strength. 

The presence of inclusions modifies the stress pattern 
and consequently the site of initial yielding, and it is 
essentially this redistribution of stress which needs to 
TABLE IV 


Results of fatigue tests and inclusion counts on 
steel C 





ycles to Inclusion count mean values 
10° Fairey count Fox count 


DO 
53-0 
0-0 
8-0 
46-0 
45-0 
44-0 
3-0 
42-5 
42-0 


Rotary bending 


60-0 0 
55-0 

52°5 0-3 
48-0 l 
45-0 7° 
44-2 4-43 
43-0 1-04 


10) Typical in 
clusions in 
steel D, un 
etched 

100 


11 Undeformed inclusion in steel E, 
unetched 100 


be known when the effects of non-metallic inclusions 
are being estimated. It is therefore necessary to esti- 
mate the effects of individual 
metallic inclusions in order to evaluate their combined 
influence. 

Non-metallic inclusions have the effect of increasing 
the tensile stress in their immediate vicinity. This is 
due to the incomplete transmission of stress across 
the interface and to 
physical properties. The stress concentration is govern- 
ed by the effective reduction of load-bearing area and 
the way in which the load increment is carried by the 
adjacent metal. 


stress-raising non- 


metal inclusion differences in 


Stress concentration due to individual inclusions 

There are four fundamental factors to be considered 
when the propensity of an 
inclusion: shape, size, and physical and chemical 
properties. 

The shape of an inclusion is largely dependent on its 
hardness and fracture strength compared with the 
parent metal at the temperature of hot-working the 
steel. Some effects of the 
deformation of non-metallic inclusions been 
reported by Pickering.’ Normally inclusions are 
orientated with their major axes parallel to the diree- 
tion of working, and the most adverse shape likely to be 
encountered is a sphere. Frith* has reported that 
inclusions of a spherical nature which retain their 
shape during working processes are the most detri- 
mental to fatigue strength. Frith suggests that such 


assessing 


stress-raising 


mechanical working on 
have 


TABLE V_ Results of reverse plane bending fatigue tests and 


inclusion counts on steel D 





Stress, 


+-tons/in? 


No. of cycles to 
failure, x 10® 


an values 
Fox count 


Inclusion count me 
Fairey count 


0O0* 





* Test piece unbroken 
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* Test piece unbroken 





F-5 
bd 


Field observed under 
etched 200 


Inclusion in steel RB cast c) Faire y 


inclusion conditions, 1 


inclusions are siliceous, and presents information 
which indicates that steels made in the basic electric 
are furnace have fatigue strengths than other 
steels when heat-treated to a strength level of over 
100 tons/in® tensile strength. Glaister® has observed 
that inclusions of the type discussed by Frith corres- 
pond in general to fayalite and are only present in 
made by the basic electric-ar 
Cummings, Stulen, and Schulte® report spherical 
inclusions in SAE 4340 steel which were identified by 
the manufacturer as complex manganese alumino- 
silicate type. However, inclusions are fre- 
quently observed in the form of elongated particles 
(see Fig.5) and it is apparent that it is the shape of the 
particle rather than its chemical composition which 
determines its effect on the fatigue strength of the 
parent metal. This deduction concurs with the known 
properties of notches in stressed metal and strengthens 
the supposition that the nature of a non-metallic 


lower 


steels process, while 


siliceous 


inclusion is less important than the space it occupies. 

It has been found convenient to consider the size of 
an inclusion in terms of its maximum cross-sectional 
area, since this corresponds to the decrease of load- 
bearing area. 
a function of the 


The cross-sectional area of an inclusion is 
square of its maximum mean dia 
of the linear 
function. Thus the ratio of area/perimeter is propor 
tional to the dia. and it is evident that stress tends to 
be higher in the vicinity of a large inclusion 

This argument is complicated by chemical changes 
in the metal surrounding the non-metallic material 
and by stress transmission through the inclusion. For 
example, it is to be expected that steel in the vicinity 
of an oxide inclusion will contain a small proportion 
of dissolved oxygen which will establish a steep 
carbon-concentration gradient. and that the mechan- 
ical properties of the steel will vary considerably in 
this region. The width of the chemically affected zone 
will not depend greatly on the size of the inclusion, 
since it is governed 


whereas the perimeter cross-section Is a 


by diffusion processes which are 
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gin, 
ba. 


Inclusions in steel ( 


Atkinson 


Field observed under Fairey inclusion 
count conditions, unetched < 200 
not sensitive to the mass of the inclusion provided 
that the activity of the re elements is 
tained at the metal/non-metal interface. 
modification of the steel matrix must therefore be 
most significant in the case of very small inclusions 
The physical influence of an inclusion on the stress 
pattern in the steel is even more uncertain. The 
metallic material differs from the steel in 
strength, and elastic moduli, and there is probably 
little and the steel. Frith has 
shown that cavities may be developed around spher 
ical inclusions, and the ease 


active main 


The chemical 


non 
hardness 
adhesion between it 
with which inclusions are 
plucked from a steel surface during polishing is all too 
familiar. It is unlikely therefore that much tensile 
carried by an inclusion, but a hard oxide 
particle will carry more compressive 
than the surrounding metal. The possibility of residual 
systems associated with the inclusions should 
also be taken into account 
complexity of the 
normal to the 
bearing on the 


stress Is 
probably stress 
stress 
when considering the 
field 
principal stress have an 
mode of deformation. 


stress secondary stresses 


important 


Influence of inclusions on mechanical properties 
The distribution of non-metallic 
cant factor in determining the influence which it may 
exert. If the foreign matter is dispersed as a large 
number of uniformly small particles then the site of 
initial yielding will not be far removed from that 
expected in a homogeneous metal, although the yield 
stress will probably be slightly reduced. When the 
metal large inclusions, on the other 
hand, the origin of fracture may be expected to coin 
cide with one of these inclusions. 

Cummings, Stulen, and Schulte have developed 
theory of fatigue failure in which the fracture nuclei 
are related to the inclusions and the stress level. The 
of this theory is that yielding occurs initially 
in association with the as the 
increased, be at progressively 


material is a signifi- 


contains a few 


essence 


largest inclusions, and 


stress 1s ‘gins to occur 
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14 Inclusions in steel E. Field observed under Fairey inclusion 


count conditions, unetched < 200 


smaller inclusions. The elimination of very small 
inclusions and other micro-stress-raisers would effect 
an appreciable improvement of fatigue strength at 
high over-stress levels, but a negligible improvement 
at low over-stress levels. The elimination of relatively 
large inclusions, as achieved by vacuum-melting, 
would have the opposite effect: improved fatigue 
strength at low overstress but little improvement at 
high overstress. The fatigue fracture at high stress 
levels and the static tensile fracture ‘will be initiated 
at that location having the largest number of small 
inclusions in or about one plane’. 

This theory offers an explanation of the reduction 
of fatigue strength by non-metallic inclusions and the 
first prediction seems to be substantially true. How- 
ever, the classification of inclusions into ‘large’ and 
‘small’ sizes is an over-simplification of the problem. 
This may be justified in the early stages of theorizing, 


but size alone does not offer a basis for comparison of 


the several different types of inclusion which normally 
occur together in steel. The concentration 
associated with a non-metallic inclusion is the real 
measure of its influence on the metal, and it has been 
shown that this is governed by both the shape and 
size of the particle and other contributory factors. A 
measure of the quantity of non-metallic material is 
therefore of little practical value in estimating how 


stress 


TABLE Vi Resuits of rotary bending fatigue tests and inclu- 


sion counts on steel E 





Stress, No. of cycles to 
+-tons/in® failure, x 10° 


Inclusion count mean values 
Fairey count Fox count 





0 0-07 24 50 
1-37 15 55 
3-00 11 36 
4-04 13 27 
21-32 30 
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15 Fairey inclusion count: representative inclusion chart 
showing count values of individual inclusions when viewed 


on a screen at a magnification of 200 


far mechanical properties may be impaired. The 
collective effects of a number of dispersed inclusions 
are due to modification of stress in the metal. It is 
more accurate, therefore, to say that fracture will 
begin in the region of greatest stress concentration, 
and it is probable that the location of this region will 
change with stress and stressing rates. Large inclu- 
sions, or those creating a high stress concentration, 
may be expected to have a great influence at any 
stress level. 


Evaluation of inclusions 


The many techniques which have been proposed for 
evaluating inclusions have been reviewed by Allmand.!® 
The great majority of these are systems of counting 
the inclusions observed in representative fields under 
the microscope, which is undoubtedly the most con- 
venient method. The various systems depend on the 
measurement of one or more readily apparent features 
of the inclusions, such as total area, maximum length, 
width, numbers of particles of a particular type, etc. 
It is unlikely that there can be good correlation be- 
tween the results obtained by different methods, but 
one must assume that each has proved to be successful 
in some application. This suggests that there can be no 
universally applicable inclusion count and that the 
technique must be chosen to yield the appropriate 
information. 

It may be argued that provided the results of an 
examination can be interpreted successfully in terms 
of the relevant property, it is not necessary to satisfy 
any theoretical considerations. Generally, however, the 
assessment of inclusions should be based on principles 
which recognize the cause of their influence. This may 
involve measuring the quantity of non-metallic 
material, estimating its distribution, or identifying 
some particular phase. 

The essential requirement of the chosen technique is 
consistency. The results obtained from the examina- 
tion of a sample must be reproducible within reason- 
able limits by one examiner and by other examiners. 
The determination should be at least as accurate as 
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16 Reverse plane bending 
fatigue test results for 
steels A, Ba, Bb, C, 
and D 


the sampling, and the sensitivity should be adjustable 
to give this accuracy without undue refinement. It is 
also desirable that very little reliance be placed on the 
investigator's skill. The best methods avoid drudgery 
and complication, and yield results of simple form 
which are easy to interpret. 

An evaluation of the inclusions in a metal can only 


be made on a statistical basis assuming similarity of 


texture between the sections examined and the re- 
mainder of the piece. It is evident that the accuracy of 
any determination is limited by the sampling, and that 
sensitive techniques require reliably representative 
samples. 

At present there seems to be no satisfactory tech- 
nique for assessing the deterioration of fatigue resist- 
ance due to non-metallic inclusions. This may be 
explained by the absence of a well-proved theory for 
the action of inclusions on the fatigue mechanism. To 
a large extent this problem is a vicious circle. The large 
number of variables confuses the relationships between 
inclusions and their effects, and the selection of the 
significant factors for observation is impeded by in- 
adequate knowledge of the process. Yet it is difficult to 
evolve a theory for the behaviour of inclusions without 
a detailed knowledge of their effects. 

There have been many attempts to correlate fatigue 
properties with non-metallic content, commonly by 
noting as many details of the observed inclusions as 
possible and comparing these with mechanical test 
results. This approach is confronted with formidable 
complications which may be summarized as follows: 

(i) variation of shape, size, composition, and prop- 
erties of inclusions 

(ii) selection of relevant qualities of the inclusions 

(ili) measurement of these qualities in simple terms 

to vield a value for a number of different 
particles 

(iv) the small proportion of inclusions present which 

are visible in a polished surface 

(v) estimation of inclusions probably present in the 

fracture zone 


(vi) formulation of general principles from particu- 

lar circumstances. 

An alternative approach was adopted in this 
investigation which simplified the procedure. First, a 
theory for the action of inclusions on the fatigue pro- 
cess was developed, and the evaluating technique was 
devised to satisfy this. The qualities of the inclusions 
to be measured were thus dictated by the theory. A 
further advantage of this approach is that particular 
circumstances are predicted from general principles, the 
correctness of which may then be judged statistically. 


Analysis of results 

The fatigue histories of all the test pieces examined in 
this investigation are shown in four S/log N graphs 
(Figs.16-19). The rotary bending and reverse plane 
bending test results are plotted as separate graphs 
which are presented in duplicate to indicate the non- 
metallic inclusion content of each specimen as assessed 
by both the Fairey and the Fox inclusion counts. 

The greater scatter of fatigue test results for reverse 
plane bending as compared with rotary bending con- 
forms with the behaviour to be expected if inclusions 
have a controlling influence. The rotary bending speci- 
men would fail in the weakest spot, whereas the life of 
the reverse plane bending sample would depend on the 
inclusions which happened to be present in the 
critically stressed zone. 

The low-alloy steels examined in this investigation 
contained a nominal 0°4°, of carbon and were all 
heat-treated to about the same tensile strength. They 
differed in alloy composition and mechanical and 
thermal history, as shown in Table I, and a comparison 
of their fatigue properties in this context was not 
strictly justified. However, it has been suggested™! 
that moderate amounts of alloying elements, except 
carbon, are not as important as microstructure in this 
respect. A fairly consistent relationship, which seems 
not to be greatly dependent on these variables, has 
been obtained between the fatigue resistance of the 
steels and their non-metallic contents. This may be 
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Reverse plane bending 
fatigue test results for 
steels A, Ba, Bb, C, 

and D F pe - “i Pa 


inclusion count 


judged to enhance the significance of the relationship. 
It has been argued that foreign particles influence the 
fatigue process by raising the tensile stress in their 
vicinities. If this is so then fatigue must be accelerated 
in these localities. This condition may be compared to 
a ‘clean’ steel suffering greater applied stress, and the 
effect is shown by a shift in the S/Log N curve along 
the stress axis. 
The fatigue test results have been plotted (Figs.16 

19) using different symbols to indicate the inclusion 


assessment. Fortunately the numerical values were of 
the same order for both counts and the symbols 
represent the same ranges of values in each figure. If 
the theory is correct, like symbols should be con- 
centrated into bands of the same shape as the S/Log NV 


mean vaiue in 


ine 


‘CYCLES TC 
ange 0-25 ® 
» m 26-45 a 
curve and displaced in the stress direction so that the 
lowest inclusion rating corresponds to the highest 
endurance limit. The Fairey inclusion counts do tend 
to conform to this pattern, particularly in Fig.18 
(representing the rotary bending specimens). The Fox 
inclusion counts, on the other hand, show no such 
correspondence and even exhibit the opposite effect 
in Fig.19. Appreciable scatter in the results was 
anticipated owing to the nature of the steels examined, 
the wide differences encountered in non-metallic 
particles, and the sampling errors inherent in any 
inclusion count. The relationship obtained between 
the Fairey inclusion counts and the rotary bending 
fatigue properties, shown in Fig.18, was therefore 
considered to be extremely successful. 
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18 Rotary be nding fatigue 
test results for steels Bc. 
C,and E 
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From the experimental evidence it was deduced 
that non-metallic inclusions have a direct influence on 
the fatigue properties of ultra-high-tensile steels which 
is reflected in the endurance limit. The Fairey inclu- 
sion count was judged to be capable of assessing the 
extent of this influence. There should therefore be a 
relationship between the representative count for the 
steel and its established endurance limit. The average 
counts for all the samples of each steel were plotted 
against the endurance ratios to yield the graph shown 
in Fig.20. The endurance ratio is the ratio of endur- 
ance limit to static tensile strength, and in this context 





| 
| 
{ 
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it accommodates slight variations in the static tensile 
strength and permits closer comparison of the steels. 

Some difficulty was experienced in assessing the 
inclusion contents ‘clean’ at the 
magnification, because very small inclusions are 
recorded, Small count numbers are inclined to be 
proportionately low for this reason. This applies 
ticularly to the samples of steel E from a ?-in. dia 
which contain fine threads of non-metallic material. 
Table I shows that the mechanical and thermal history 
of steel E differs in many respects from those of the 
other materials, and in view of these differences it was 
disregarded in the determination of the line in Fig.20 
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TABLE Vii Summary of test results 








Steel Be D E Bb Cc Cc A Ba 
Method of testing Rotary Reverse Rotary Reverse Rotary Reverse Reverse Reverse 
bending — bending _ plane bending eee plane plane 
pending bending ending bending bending 
No. of specimens examined 6 7 6 10 7 10 ll 6 
Average Fox inclusion count 33 62 49 59 20 63 57 56 
Average Fairey inclusion count 14 24 18 43 49 54 45 58 
(Endurance limit)/(static tensile strength) 0-42 0-38 0-36 0-36 0-32 0-32 0-29 0-28 





The validity of the Fairey inclusion count and its 
underlying principles is fortified by the extrapolation 
of this line (Fig.20) to predict the endurance ratio for 
an ultra-high-tensile steel free from inclusions. The 
predicted value conforms closely to the best values 
obtained for steels heat-treated to this strength level. 
Further corroboration is provided by the behaviour of 
three samples of the same steel (steel C) with different 
non-metallic contents. In contrast, the absence of a 
relationship between Fox inclusion count and endur- 
ance ratio is demonstrated in Fig.21. 


SUMMARY AND CONCLUSIONS 

The object of this work was to correlate the fatigue 
properties of ultra-high-tensile steels with their non- 
metallic content. As a preliminary step in the investi- 
gation a theory for the action of inclusions was formu- 
lated to guide the choice of qualities to be measured. 
It was assumed that the local tensile stress in the 
metal was the chief factor controlling yield and frac- 
ture, and, further, that non-metallic contents disturb 
the uniform distribution of stress. It was then argued 
that the effect of an incoherent foreign particle in a 
stressed metal is comparable with the effect of a cavity 
of identical shape, and that the stress concentration 
san. be evaluated in the same way as for a notch. 

A new type of inclusion-counting technique was 
devised to estimate the effect of particle shape. It is 
based on the stress concentration attributable to the 
observed sections of individual inclusions, and assess- 
ment is facilitated by reference to a chart containing 
geometric shapes with their calculated values. In view 
of the problems associated with the metallographic 
determination of particle shape and size, other factors 
which may contribute to the stress concentration in 
the neighbourhood of a non-metallic inclusion were 
discounted. The resulting discrepancy must lie com- 
fortably within the errors of shape and size estimates 
which assume a definite relationship between the 
observed and major sections of the inclusions, and 
symmetry about their longitudinal axes. 

The validity of the new inclusion count has been 
determined experimentally by direct comparison of 
non-metallic content and fatigue resistance. A sum- 
mary of the test results appears in Table VII. Since 
very little deformation occurs during fatigue testing, it 
was possible to examine small areas of specimens 
which had failed under controlled cyclic stress, thereby 
minimizing sampling errors, Eight groups of-ultra-high 
tensile steel test pieces containing a variety of inclu- 
sions were available for the investigation. The inclu- 
sions in each sample were evaluated by both the Fox 
and the Fairey methods of counting. 

The techniques were assessed by the disposition of 
the fatigue test results and the associated inclusion- 
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count values on the S/Log N graphs for each steel. 
These indicated that the Fox count values were 
randomly distributed and could not be related to the 
fatigue histories, whereas the Fairey count values 
tended to be segregated in bands similar to the 
accepted S/Log N curves for these materials. A further 
appraisal of the inclusion counts was made by plotting 
the average count for each steel against its endurance 
ratio. Once again the Fox count values were arbitrar- 
ily dispersed but the Fairey counts corresponded 
satisfactorily with the fatigue parameter. Considering 
the large number of factors connected with the fatigue 
process and with the influence of non-metallic inclu- 
sions, and the variations between the samples exam- 
ined, the relationship observed between the fatigue 
properties and the Fairey inclusion count was remark- 
ably consistent. 

The correlation of fatigue properties with non- 
metallic content signifies that inclusions have a direct 
influence on the fatigue resistance of steels hardened 
to ultra-high strength levels. It may be assumed, 
therefore, that the Fairey inclusion count measures 
some relevant quality of the inclusions, which appears 
to be a function of stress concentration and decrease of 
load-bearing area. (The count value is thought to be 
related to the probable stress concentration due to the 
inclusions at any point in the metal.) This suggests 
that the proposed theory for the effect of inclusions on 
the fatigue mechanism is basically correct: i.e. that 
tensile strength is incompletely transduced by the 
foreign particles, and the stress is concentrated in the 
surrounding metal in accordance with the shape of the 
cavities they occupy. 

The steels examined were all heat-treated to approx- 
imately 125 tons/in® tensile strength and contained 
relatively small amounts of non-metallic material. 
Steels in other conditions may be less or more sensitive 
to the influence of inclusions and may call for alterna- 
tive techniques of assessment. It may be necessary to 
ascertain the quantity of non-metallic material only in 
‘dirty’ steels. On the other hand, very ‘clean’ steels at 
super-high strength levels will probably be susceptible 
to the influence of phase boundaries and crystallo- 
graphic discontinuities. The Fairey inclusion count 
appears to be indicative of the fatigue behaviour of 
steels in circumstances which command much atten- 
tion at the present time. 
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Desulphurization of molten steel by solid 
lime during vacuum melting 


R. G. Ward, M.A., Ph.D., and R. Hall, B.A., M.Met. 


INTRODUCTION 
THE DESULPHURIZING POWER of solid lime has been 
used successfully in Sweden to reduce the sulphur 


content of pig iron on a commercial scale.!.? In the 
present research it has been utilized for the reduction 
of sulphur during the vacuum melting of steel at 
1560°C, 

Desulphurization can occur either by a reaction in 
which carbon is the reducing agent, 


[S]+a<CaO>+[C]=<CaS (1)* 


or by reactions in which reduction is produced by 
silicon. In this case several equations could be written 
depending on the nature of the particular calcium 
silicate formed, and this has been taken to be the most 
stable silicate, 2CaO.SiO,, as assumed by Eketorp:? 


§8]+ <CaO>+4/Si CaS 4 2CaO.Si0, (2) 


From selected data for the free energy of formation 
of the compounds*. * and solutions® involved, the 
standard free energies of these reactions are found to 
be: 


AG°,=17690—15-04T... 


AG, 53945 + 17-85T (4) 


A similar expression to equation (4) has been 
derived by Eketorp? from different thermodynamic 
data, and his expression for reaction (1) referred to 
graphite as a standard state which agrees well with 
equation (3) if it is corrected for the solution of 
graphite in liquid iron. 

From the standard free energies in equations (3) 
and (4), the equilibrium sulphur contents at 1560°C 
may be calculated if it is assumed that no solution of 


Manuscript received 17 August 1959. 
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* The notation [ ] 
referred to a 


is used for elements in solution in steel 
lwt-°, standard state, for solid phases 
referred to the pure compound, and ( ) for gaseous compounds 


referred to 1 atm pressure 


SYNOPSIS 

Desulphurization of steel by solid lime in a 28-lb capacity 
vacuum furnace has been investigated. A shell of lime 
applied to the conventional basic lining of the induction 


furnace rapidly removes sulphur from the molten steel 


and equilibrium is closely approached in about 20 min 
at 1560°C. Mechanical tests wrought 3°%,Cr—Mo 
(En 40) steel show a considerable improvement, due to 


on 


desulphurization, in the impact properties of vacuum- 
melted steel. 1768 


solid reactants and products occur, i.e. their activity 
may be taken as unity 





7-6 10~*p,, - 
Reaction (1)wt-°%8 allt. (9) 
) f 
wt oe Ae 8 
1-3 x 10-8 
Reaction (2) wt-°,S ieaeibiioss (6) 


f, wt Si. f,;)4 


where f,, fi... fe; are the Henrian activity coefficients of 
C, 8, and Si respectively, which are close to unity in 
low-alloy steels,® and p,, is the partial pressure of 
carbon monoxide. Reaction (1) is pressure dependent 


and predicts an equilibrium sulphur content of 
4-0 x 10-7 wt-% for a 0-25wt-%C steel under a pres- 
sure of carbon monoxide of 1 p (1-3 10-* atm). 


Although reaction (2) is unaffected by pressure, it pre- 
dicts an equilibrium value of 2-5 10-4wt-°{8 for a 
0-3wt-°Si steel. 

Thus if equilibrium is approached in vacuum melt- 
ing, steels of low sulphur content should be obtainable 
by treatment with solid lime, provided that they con- 
tain a moderate amount of carbon or silicon. This 
possibility has been studied in the present investiga- 
tion. 


EXPERIMENT 


An Efco-Edwards vacuum melting and casting unit 
lb steel melts at 
1 560°C at pressures down to 1 yn. The apparatus con- 
sisted of an induction heated crucible, moulds, and 


was used to process a series of 28 
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TABLE | Melts made at 1560°C 





Sulphur content 
Final alloy content As 
C Mn Si Cr 


Melt 


After clear melt, min. Wt., 
charged 0 15 30 


Lime addition Atmosphere 


Pres- 


60 g Form Gas sure 





0-3* 0-01" 0-3* 0-07 0- 


0-01" O nil 0-07 0 


0-043 
0-013 


0-62 O% 3-23 0-027 
3:21 


0-62 0-2 


~ 0-01 3-8! 0- 0-002 0 


0-O0O1* O 0-005 O 
0-01 0-009 O 


« 0-01 0-003 0 
0-01 
212 0-01 


Air 2 0-5* 
melt 


0-035 
0-01 


. 0-027+t 
0- 0-006FT 


002 
002 170 
012 


003 


0-024 
0-007 


0-022 
0-006 


Vacuum 
Vacuum 3 


Calcined marble chips 
Paste of commercial 
slaked lime 

None added 

Paste of commercial 
slaked lime 

Paste of freshly-ground 
quicklime 

Paste of freshly-ground 
quicklime 

Paste of freshly-ground 
quicklime 

Paste of freshly-ground 
quicklime 

Paste of freshly-ground 
quicklime 

Paste of freshly-ground 
quicklime 

Paste of freshly-ground Air 
quicklime 


Vacuum : 
Vacuum : 


Vacuum 3 
Vacuum 2 
0-012 170 Vacuum 2 4 


0-003 100 Argon 0-9 


0-003t 170 Vacuum 2 p 


0-O1F 170 


Argon 0-9 atm 


330 1 atm 





* Estimated value + Final ingot 

charging gear contained in a continuously evacuated 
chamber. Melt temperatures measured by 
remotely controlled immersion thermocouples and a 
series of pressure gauges of the Phillips, Pirani, and 
Bourdon types covered the range 0-1-1 atm. 

The crucibles rammed in situ from either 
‘Basic A’ (bonded sea water magnesia) or “‘Thermax 
FNB’ (bonded 80° sea water magnesia, 20°, alumina) 
refractory materials, and deoxidized with a ‘wash-out’ 
high carbon content melt before being used for the 
production of ingots. When desulphurization was 
required the lining was coated with a paste of powder 
ed lime in tap water followed immediately with the 
metal charge. Between melts adhering metal was 
removed from the lining and a fresh application of 
lime was made. 


were 


were 


The melts were made from a base of Lowmoor iron 
of the composition 0:04%C, 0-07%Mn, 0-03°%Si, 
0-024°,8, 0-023°,P which was shot-blasted before 
melting to minimize the introduction of oxygen to the 
melt Additions of ferroalloys, ferrous sul- 
phide, and graphite were made to the melt under 
vacuum as required from remotely controlled 
charging buckets. 

A 12-kg chill ingot mould and six small 300-g chill 
sample moulds were carried on a remotely controlled 
turntable, so that a succession of 300-g samples could 
be taken during the heat in addition to the final ingot. 
The steel was analysed for sulphur by a combustion 
method involving absorption of SO, in H,O, which 
was then titrated against sodium borate’ giving a 
reproducibility of +0-0025%S, and other elements 
were determined by standard methods. 

Two ingots were forged down to bar, heat-treated, 


as scale 


TABLE 1! Tensile tests on 2-in. gauge length, | in’ section 
specimens of hardened and tempered wrought 
steel from two vacuum melted 3°.,Cr-Mo ingots 


of differing sulphur content 





Yield point, UTS, 


Sulphur, tons/in*? 


Reduction in 
tons/in® area, ® 
0-027 $0 16 

40 46 
0-006 38 46 

40 46°5 
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machined into test pieces, and tested 
impact in standard machines. 


in tension and 


RESULTS 


The analyses of samples and ingots from the de- 
sulphurization trials on steels covering a wide range of 
carbon and contents are given in Table I; 
analyses of phosphorus, silicon, and carbon on samples 
taken during melt 123 showed no change during vac- 
uum treatment and it is assumed that no change 
occurred during the other melts. The results of tensile 
and impact tests on hardened and tempered wrought 
material from two ingots are given in Tables II 


and ITI. 


silicon 


DISCUSSION OF RESULTS 
Method of application of lime 


The influence of variations in the method of applica- 
tion of lime on desulphurization is evident from com- 


parison of melts 120, 123, and 210 which all contained 
about 0°3%,C, and 0-3°,Si, and the same _ initial 
sulphur content of 0-07°%,. Calcined marble chips 
dropped onto the liquid metal surface (melt 120) pro- 
duced only a slight desulphurization to 0-022°%8 
probably because the lime rapidly formed a ring round 
the crucible wall at the metal surface which presented 
a very small area of contact with the metal. Pastes of 
lime in water spread on the walls give much better 
results, no doubt due to the greater metal /lime contact 
area. A paste of commercial slaked lime reduced the 
TABLE Iii Impact energies of V-notched Charpy specimens 
of hardened and tempered wrought steel from two 
vacuum meited 3°.Cr-Mo ingots of differing 
sulphur content 





Ingot 164, 0-027°.S Ingot 165, 0-006° S 
ft-lk kg-m ft-Ik 


164 30* 
156 30* 
136 30* 
166 
136 23 
53-5 11-1 80-3 
46-3 13-0 94-0 
3:6 0-75 5-4 


217* 
>17* 
»17* 


171 





* Unbroken 








Melt 120 calcined 
Melt 123 crucibl 
Melt 197 crucible ¢ 


1 Progre 88 of des ily hu 


} 
while 


sulphur to 0-006°, (melt 123), freshly slaked 
quicklime gave a final content of 0-003°,, (melt 210) 
The freshly ground and slaked quicklime adhered Ve ry 
strongly to the crucible lining and even after melting 
ind chisel 

120 and 123 
using powdered lime and commercial slaked_ lime 
respectively is shown in Fig.1, 


could not be removed with a hammer 


The rate of sulphur removal in melts 


constructed from sul 
phur analyses of a series of samples taken during the 
course of each melt (see Table 1), and compared with a 
melt using freshly slaked quicklime (melt 197) made 
under slightly differing conditions 

An important side effect of lime paste application 
was that it reacted with the “Thermax FNB’ refractory 
lining during successive melts 
of the lining and a decrease 


resulting in a swelling 
in the inside diameter of 
the crucible, no doubt owing to complex liquid forma- 
tion. Petrographic examination of thin sections of the 
crucible revealed the formation of new phases due to 
reaction of lime with the refractory lining and with the 
melt, but neither reaction product could be identified 
This undesirable swelling effect was absent when the 
less complex ‘Basic A’ retrac tory lining was used. 


Degree of attainment of equilibrium 
An estimate of the efficiency of lime desulphurization 
can be made by comparing the observed final sulphur 
contents with the equilibrium sulphur 
calculated from equations (5) and (6) 

If desulphurization due to the carbon reaction is 
considered (equation 


contents 


1) ), the sulphur contents may 
be calculated from equation (5) by taking the carbon 
monoxide partial pressure equal to the chamber pres- 
sure of 2 » and using values for the activity coefficients 
taken from the review by Chipman.* Sulphur contents 
calculated in this way range from 7-6 10-®%S for 
melt 196 with 0:03°,C, to 3-3 10-7&S for melt 195 
with 0:79 .C. These values several orders of 
magnitude less than those observed and it is apparent 
that this equilibrium is not approached. 

Sulphur contents in equilibrium with the silicon 
content, assuming desulphurization according to equa- 
tion (2), may similarly be calculated from equation 
(6), and the equilibrium sulphur contents are given in 


are 


Ward and Halil Desulphurization of molten steel 77 
Table IV for melts made under the optimum de- 
sulphurizing conditions of a crucible lining coated with 
freshly slaked quicklime. In spite of the possible error 
in equation (6) the agreement between the observed 
sulphur contents and those calculated for 
equilibrium is generally 
(+.0-0025°,S 


silicon 
within the reproducibility 
of the sulphur analyses, which 
considerable confidence in the accuracy of equation 


gives 


6). The only case of disagreement is melt 195 in which 
the content is high (0-70°,) and it 
possible that the desulphurization in this case 


carbon seems 

may 
be due to carbon according to reaction (1). If an equi- 
librium with the 


attained, equation 


assumed to have been 

satisfied if the 
1 1 

equilibrium partial pressure of carbon monoxide, p,»5 


carbon is 
5) can only be 


is 0-021 atm. This pressure is in the range of the carbon 
monoxide pressures calculated from the carbon and 
concentrations in equilibrium in 
vacuum melted steel® and it must be concluded that 


the difficulty of carbon monoxide bubble nucleation 


oxygen observed 


which limits the deoxidation of vacuum melts by 


carbon® also restricts the desulphurization by carbon 


and lime according to equation (2 

If a 
assumed to be 
for the other melts 
Table IV. These all exceed the calculated for 
silicon equilibrium, suggesting that in these melts the 
desulphurization is due to the 


carbon monoxide press of 0-02] 


effective in all 


atm 1s 
sulphur contents 


may be hown in 


silicon desulphurizing 


reaction (equation 2), as indicated in the last column 
of Table TV 
the final melt of Table I the yp sible use 


ur melting 


under 
conditions of a lining coated with fre shly 
According to 


should h LvV¢ 


investigated 


slaked quicklime 


Was 


equation (6) the silicon content heen 
suincent 
melt 197 


lime coated 


to produce good desulphurization, as in 
56-lb induction melt in a 
lining, the slagging of the lime 
severe and little remained to 
The final 0-12 that 
lime coated linings are of no value for desulphurizing 


but during this 
Basic A 
during melting was very 


desulphurize the melt S she 


air melts 


Mechanical properties 
Two ingots to the En40 (3°,Cr, 0-5°,, Mo) specification 
were made with and without coatings of commercial 
slaked lime on the linings giving final sulphur contents 
of 0-027 melt 164) and 0-006°, (melt 165) respec 
tively, demonstrating that the desulphurizing action 
of lime is similar for alloy as well as plain carbon melts. 
These 12-kg ingots were then rolled to 1}-in. dia. and 
the central 15-in. length of each bar was then oil- 
quenched from 900°C after 2 h and then oil quenched 
after tempering at 630°C for 1 h giving a DPH of 253. 
Two standard tensile test pieces of } in? area and 2-in. 
gauge length were then machined from each steel and 
tested at room temperature (Table II). The remaining 
bar from the bottom of each ingot was forged down to 
2 in. square, heat-treated as before, and machined into 
Charpy specimens with the standard Izod notch. 
These impact specimens were then tested in a 30 kg-m 
217 ft-lb) Charpy machine over a range of tempera- 
tures (Table ITI). 

The tensile test results (Table IT) show no significant 
difference between the high- and low-sulphur steels. 
The impact test figures (Table III) show a marked 
advantage for the desulphurized 


steel down to 
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TABLE,1V Comparison of experimental 


and calculated sulphur contents 





Atmosphere 


Melt no. Gas Pressure 


Sulphur, wt-% 

Calculated 
Si-Cao C 
Reaction (2) 


Probable 
reducing 
agent 


CaO 


Observed Reaction (1) 





193 Vacuum 
195 Vacuum 
196 Vacuum 
197 Argon 
210 Vacuum 
212 Argon 


0-002 0-00038 
0-002 00-0069 
0-012 0:0096 
0-003 0:0021 
0-003 0020 
0-010 0-0120 


0-0103 Si 
0-0020 Si or C 
0-0527 Si 
0-163 Si 
00-0046 Si or C 
0-164 Si 





120°C. The data have not been presented in the 
usual graphical form as several desulphurized speci- 
mens could not be brokenin the test and this prevented 
the transition temperature of the desulphurized steel 
being determined. 

The increase in the impact energy for ductile high- 
temperature fractures is in agreement with the 
observation of Knight!® that the ductile fracture 
energy in vacuum melted steels of the 3°,,Cr-Mo type 
increases when the sulphur content is reduced below 
about 0-02°S. This is not apparent in the only syste- 
matic investigation which has been made on air- 
melted steels!! but here the results were on 1°,,Mn 
pearlitic steels and were confused by lamination in the 
fractures. The effect may only be found in vacuum- 
melted steels possibly owing to the reduced oxygen 
(less than 0-002wt-°%,) and nitrogen contents, or to the 
low concentration of trace elements of high vapour 
pressure such as As, Sb, and Cu, which are substanti- 
ally removed during vacuum melting. 


CONCLUSIONS 

1. A lime coating over the lining of a vacuum induc- 
tion furnace can reduce the sulphur content of steel 
melts at 1560°C to 0-002—0-003°S in about 20 min. 
Desulphurization in lime-coated crucibles under 
air-melting conditions is not practicable owing to 
the rapid slagging of the lime lining. 
Sulphur removal at all pressures can be attributed 
to a with silicon in the melt and lime 

but it is also possible that some de- 


reaction 


(reaction (2)), 
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sulphurization takes place at low pressures by a 
reaction with carbon and lime (reaction (1)). 
Desulphurization of vacuum-melted 3°,Cr—Mo steel 
has little effect on the tensile properties of the 
wrought steel, but the impact properties are 
markedly improved. 
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Kinetic features of upper and lower bainite 
formation in a plain carbon and a 3%Ni-Cr steel 


J. S. White and W. S. Owen 


INTRODUCTION 


IN PLAIN CARBON STEELS bainites formed isothermally 
in the upper and lower part of the transformation 
range appear to differ both in the morphology of the 
bainite plates and in the nature of the precipitated 


carbide. It has been reported that in the upper part of 


the temperature range all the ferrite plates which form 
from a single austenite grain probably have the same 
orientation! and conform to the Nishiyami relation- 
ship;” and the carbide,* which is Fe,C is distributed as 
particles arranged as stringers approximately parallel 
to the major axis of the ferrite plates.4 At low tem- 
peratures in the range the micro-structure resembles 
that of tempered martensite, the ferrite crystals are 
randomly orientated,' and the crystallographic rela- 
tion to austenite is that described by Kurdjumov and 
Sachs.* Small plates of carbide separate in parallel 
arrays inclined at 55° to the major axis of the ferrite,* 
and both Fe,C and e-carbide have been reported in this 
range.® A difference in the kinetics of upper and lower 
bainite formation in a plain carbon steel has also been 
demonstrated by measurements of the overall activa- 
tion energy Q°-* and the Zener rate index n.° Various 
experimental techniques have shown 
the transition from upper to lower bainite to occur at 
about 350 C. However, it has not been possible to 
show whether or not the formation of e-carbide is 
characteristic of the whole of the lower bainite range 
as defined by the other observed differences. 

As different reaction kinetics are involved in the 
formation of upper and lower bainite it was thought 
that there must be a corresponding discontinuity in 
the TTT curve. If, as seems probable, both the upper 
and lower bainite transformations exhibit a C-curve 
behaviour the TTT curves in the bainite range will be 
made up of two overlapping C-curves. One of the 
objectives of this investigation was to find out if such 
a discontinuity could be detected by a careful re- 
examination of TTT curves in the vicinity of the 
transition from upper to lower bainite. 

To date, detailed kinetic studies have been confined 
to plain carbon steels. Clearly it is necessary to deter- 
mine the extent to which the basic features revealed by 
these studies occur in bainitic transformations in low- 
alloy steels. As a first step, the present work extends 
the measurements to a commercial 3°, Ni-Cr steel, 
En 23. 


used!.2,4-6 
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SYNOPSIS 
A high precision technique for following the isothermal 


decomposition of austenite by means of continuous elec- 
trical re sustivity measurements has been de velope d and 
used to Live stigate the kinetic Ss of the bainite reaction in a 
é utectoid plain carbon and a low-alloy ste el 
Previous work has shown that in high purity vron 

carbon alloys and plain carbon steels upper and lower 
bainite form by kinetically different processes. It is now 
demonstrated that this is also a feature of bainite forma- 
tion in a 3°, Ni-Cr steel. In this steel the 
enerqy for upper hainite formation is that which would 
he expected on the basis of carbon content alone, but due 
to the relatively high M, temperature the lower bainite 


activation 


range is very restricted and an accurate activation energy 
measurement could not be made. In addition. by applying 
the um prove d technique to the isothermal decomposition of 
primary austenite in a plain carbon steel, it has been 
possible to detect and define the extent of a variation in the 
lower bainite kinetics. A possible cause of this phenomen- 


on is suggested, 1788 


EXPERIMENTAL METHODS AND RESULTS 


Two steels were examined; a plain carbon steel of 
approximately eutectoid composition and a 3°%Ni-Cr 


steel (En 23). The percentage compositions were 


Si Mn § P Cr Ni Mo 
Plain car 
b 0-80 O-PS 52 0-009 


0-33 0-23 57 


on steel 0-022 0-02 


0-04 


BEn23 0-007 0-005 O-85 38-26 0-09 


To minimize variations in the kinetic data due to chem- 
ical heterogeneity, the electrical resistance along the 
length of each wire was measured in the initial state 
and lengths with a resistance outside a narrow scatter 
band were rejected. 

The austenite—bainite transformation was followed 
by resistivity measurements. A specimen 7 in. long and 
0-010 in. dia. was mounted in a holder and a chromel 
alumel thermocouple was welded on to its centre. 
Symmetrically akout this point two potential leads 
were welded 5 cm apart. All the leads were made from 
0-002 in. dia. wire to minimize heat conduction from 
the specimen. The holder was supported in an evacu- 
ated furnace controlled at the desired isothermal reac- 
tion temperature, and the specimen was austenitized 
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Present investigatior 
ie 
x 


Resistivity of austenite and the transformation products of the 


3%, Ni-Cr steel as a function of te mperature 


by independently heating it with an ac current from a 
Variac transformer. On completion of the austenitizing 
the ac current was turned off and simultaneously a de 
measuring current was introduced into the circuit. 
Argon was then blasted on to the specimen to quench 
it back to the reaction temperature. Both the thermo- 
couple potential and the de potential drop across the 
specimen were measured on high-speed potentio- 
metric recorders. The electrical circuits used to obtain 
maximum sensitivity and accuracy in the resistance 
and temperature measurements, and to minimize 
temperature fluctuations during isothermal holding, 
have been described in detail elsewhere.’ 

At each bainite-reaction temperature, measure 
ments of the resistivity of the alloy steel were made 
with the specimen in three different conditions: pearl- 
itic (before austenitizing), austenitic (quenched from 
1100°C), and bainitie (after isothermal transforma- 
tion). In Fig.l these values are plotted as a function of 
the temperature at which the measurements were 
made, Resistivities of a steel of the same specification 
reported by the National Physical Laboratory*® are 
included for comparison. 

The difference in the resistivity of a 3°,,.Ni-Cr steel 
specimen in the bainitie and pearlitic condition is 
appreciably greater than that for the plain carbon 
steel previously investigated.° The additional resis- 
tivitv of the alloy steel is probably due to the non- 
equilibrium partition of alloying elements between the 


carbide and the ferrite at the bainite formation 


’ 


Representative isothermal reaction curves for the plain carbon 
steel 
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3 Log log (alla 


time for plain carbon steel 


temperatures. As the reaction temperature is in- 
creased the partition more nearly approaches equi- 
librium and between the M, (320°C) and about 400°C 
the ‘bainite’ and ‘pearlite’ curves converge (Fig.1). In 
this temperature range the bainite reaction goes to 
completion. However, above about 400°C the reaction 
appears to be self-stopping and the fraction of austen- 
ite which transforms to bainite decreases with increas- 
ing reaction temperature and the ‘bainite’ and ‘pearl- 
ite’ curves diverge. The temperature at which the 
separation between the two curves is a minimum is the 
B, (bainite finish) temperature, whilst the B, (bainite 
start) is clearly revealed by the intersection of the 
extrapolated ‘austenite’ and ‘bainite’ curves in Fig.1. 

Reaction curves for the plain carbon steel (Fig.2) 
were obtained from the resistivity data assum- 
ing that the change in electrical potential was linearly 
proportional to the change in the volume fraction of 
austenite. Since for the alloy steel the austenite did not 
completely transform between the B, and B; tempera- 
tures, it was to estimate the fraction of 
austenite remaining by point counting microsections 
on the ruled sereen of a projection microscope. These 
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4 Log log (a/(a—y) ) v. time for 3° Ni-Cr steel 
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§ Arrhenius plot of the reaction data for plain carbon steel and 
3%Ni Cr steel 


kinetic data are discussed best in terms of a Zener-type 
equation® which in logarithmic form is 
nink 


a 
inn ——=nint 
a ? 


where a is the fraction of austenite transformed at the 
end of the reaction (with the plain carbon steel all the 
austenite was transformed, but for the alloy steel 
reacted between the B, and B, temperatures a was less 
than unity), y is the fraction transformed at time ¢, k is 
a temperature-dependent rate constant, and n is a 
constant dependent upon the morphology of the reac- 
tion products and the nucleation characteristics. Plots 
of log log (a/(a—y) ) against log t for a range of iso- 
thermal reaction temperatures are given for the plain 
carbon steel in Fig.3 and for the alloy steel in Fig.4. At 
low temperatures the plain carbon steel data give a 
linear plot from about 5°, to 70°, transformation and 
the range of applicability is even greater at higher 
temperatures. The high temperature data for the alloy 
show significant deviations from the kinetic 
behaviour represented by the equation and inevitably 
cover a more limited transformation range. 

Values of @ were obtained from Arrhenius plots by 
measuring the slope of the plot of log f,, against 1/7 
where f¢,, is the time to 50°, transformation and 7’ is 
the reaction temperature in degrees absolute (Fig.5). 
For both steels there is a change in activation energy 


steel 
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6 Activation energy for upper and lower bainite formation of a 
function of carbon content 
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temperature transformation diagram for plain carbon 


at about 350°C, The activation energy for the plain 
carbon steel was 24 keal/mole in the upper and 


9-5 kcal/mole in the lower temperature range. For the 
alloy steel it was 12-5 kcal/mole in the upper range but 
the temperature range between the 350°C transition 
(which was clearly discerned) and the M, temperature 
(320°C) was too small to permit an accurate measure- 
ment of the slope of the lower bainite plot in Fig.5 to 
be made. All the activation energies, when plotted as a 
function of the carbon content only, fit very well into 
the graphs of Radcliffe and Rollason® showing the 
variation of Q with carbon content in pure iron—carbon 
alloys and plain carbon steels (Fig.6). It is concluded 
that the overall activation energy for the upper bain- 
ite transformation is not affected significantly by the 
addition of 3-26°,Ni and 0-85°,Cr to a low-carbon 
steel. Unfortunately the effect of these alloy additions 
on the kinetics of the lower bainite reaction cannot be 
ascertained from the present data. 
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For the plain carbon steel the value of the index n, 
given by the slope of log log (a/(a—y) ) against log t 
was about 3-5 for all reactions between 400° and 
350°C, but it decreased significantly at lower tempera- 
tures, reflecting the morphological change on passing 
from upper to lower bainite. Radcliffe and Rollason® 
also found a discontinuity in the variation of n with 
temperature but quantitatively the two sets of data 
are conflicting 

A detailed optical examination of partially trans- 
formed specimens failed to reveal any discontinuous 
change of microstructure with temperature. Evidently 
the structural transition associated with the change 
from upper to lower bainite, as revealed by the kinet- 
ics, is on a fine scale. 

The kinetic data are plotted as TTT curves in 
Figs.7 and 8. In the case of the plain carbon steel a 
protuberance which earlier experiments had failed to 
detect was revealed. This is characterized by a pro- 
nounced reduction in the time to 1°, reaction and a 
marked change in the shape of the reaction curves 
(Fig.2). At first it was thought that this lower C-curve 
could be identified with the lower bainite reaction but 
this simple view is untenable if it is assumed that the 
distinguishing feature of the isothermal reactions is the 
activation energy. On this basis the lower bainite reac- 
tion extends from the M, temperature, about 250°C, to 
the transition temperature revealed by the plot log ts» 
(/7'). However, the lower C-curve is evident only 
between 280° and 320°C, thus it occurs within the 


lower bainite range but does not occupy the whole 
range. The isothermal reactions producing the lower 
C-curve do not have exactly the same characteristics 
as the rest of the reactions in the lower bainite range. 
There is some change in the shape of the reaction 


curve, particularly near the start (Fig.2), and a band 
of abnormal scatter on the log f,)/(1/7) plot (Fig.5). 
However, in spite of these deviations the reaction 
curve shapes are much more closely related to the 
other isothermal lower bainite reactions than to those 
in the upper bainite range. In fact the reactions of the 


lower C-curve are probably best treated as variants of 


the lower bainite reaction. 

At present it is only possible to make a very tenta- 
tive suggestion about the nature of the change intrud- 
ing in the lower bainite range. It may be that the 
temperature range of metastability of e-carbide does 
not exactly coincide with the morphological change 
from upper to lower bainite. There are two fragments 
of evidence which support this suggestion. By analogy 
with the tempering reactions it would be expected 
that at temperatures in the knee of the lower C-curve 
effects, due to the appearance of ¢«-carbide, would be 
most evident early in the reaction, and, in fact, the 
major disturbance in the kinetics was observed near 
the start of the transformation. Also, if the lower C- 
curve is due to the appearance of e-carbide it is likely 
that at temperatures a few degrees below and above 
the C-curve Fe,C is the major precipitate, but some 
«-carbide may appear towards the end of the reaction. 
Austin and Schwartz? have carried out electron diffrac- 
tion studies of the bainitic carbide formed in a eutec- 
toid plain carbon steel. Unfortunately the isothermal 
temperature intervals were too large and the detection 
of «-carbide was too insensitive to delineate the range 
of «-carbide metastability with sufficient accuracy to 
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check the present hypothesis. However, these workers 
did find that at 260°C, just below the lower C-curve, 
the first precipitate was Fe,C followed at longer reac- 
tion times by e-carbide. 

Adopting the activation energy of the reaction as 
the criterion, it must be concluded that although a 
sensitive experimental technique was used in the pres- 
ent investigation it was insufficient to detect any dis- 
continuity in the slope of the TTT curves on passing 
from upper to lower bainite. 


CONCLUSIONS 

(1) The general features of the bainite reaction in a 
3°%Ni-Cr steel are similar to those in plain carbon 
steels. 

(2) In both a 3°,Ni-Cr and a eutectoid plain 
carbon steel the transition from upper to lower bainite, 
as indicated by the change in activation energy, 
occurs at about 350°C. Thus the temperature range 
over which lower bainite is formed in the alloy steel is 
small (320-350°C). 

(3) The presence of the alloying elements in the 
3°,,Ni-Cr steel does not significantly effect the activa- 
tion energy for upper bainite formation. 

(4) The TTT diagrams for a eutectoid plain carbon 
steel have been determined using an electrical resis- 
tivity method of high sensitivity to follow isothermal 
reactions carried out at small temperature intervals in 
the bainite range. A new C-curve has been found which 
represents a variant of the lower bainite reaction. 

The lower bainite reaction, as defined by the activa- 
tion energy, occurs over an appreciably wider range 
than that over which the lower C-curve is detectable. 
It is suggested tentatively that on passing into the 
lower bainite range the morphological change and the 
appearance of e-carbide do not coincide. Clearly this 
point, which is fundamental to an understanding of 
the lower bainite reaction, warrants further investiga- 
tion. 
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A visual method of primary slag control 


for the basic electric-arc furnace 


J. D. Sharp, M.A., W. Johnson, M.A., and K. W. Andrews, D.Sc. 


INTRODUCTION 


DURING THE OXIDIZING PERIOD in an are furnace it is 


desirable to be able to make reasonable estimates of 


slag basicity. On a large furnace where more than one 
oxidizing slag may be made, this is especially import- 
ant because it gives guidance to the melter as to 
whether the slag in the furnace is in the optimum con- 
dition for dephosphorization and because any possible 
means of saving furnace time should be employed. 

To investigate the possibilities of developing a rapid 
visual method of control, a large number of samples 
were taken from a 60-ton furnace and studied visually, 
chemically, and by X-ray analysis. The experiments 
were initially confined to one quality of steel (a 
13° Ni-Cr—Mo ball-bearing steel), and the classifica- 
tion was based on these results. Slags from melts of 
other steels (including 1°,,C—Cr razor-blade steel) were 
then examined and found to fit the classification very 
well. It concluded that the basic principles 
developed would probably be applicable to all qualities. 


was 


Note: In connexion with the practical use of this visual 
method. attention should he give n to the de scriptions in 
Part 1 of the paper and to Figs.3 and 7 


PART | 
SAMPLING 


The samples were divided in two sets, the first being a 
low-carbon low-alloy steel (O-19-0-21°,C, 0-52 
0-589 Mn, 0-20-0-25% Si, 1-7-1-8% Ni, 0-28—0-33°%Cr, 
0-20-0-25°,Mo). The reasons for choosing this par- 
ticular quality were that: 

(i) the relatively low chromium and manganese 
should lead to a low and fairly constant 
chromic oxide and manganese oxide in the slag 

(ii) the high nickel specification was of little im- 
portance as this element would probably not be 
oxidized and pass into the slag under these 
conditions 
the carbon specified was such that there was 
not likely to be a strong carbon boil. When this 
occurred it had previously been found im- 
possible to sample easily (see below) 

(iv) this quality represented a fairly high percent- 
age of the tonnage made in the shop. 


Manuscript received 18 August 1959. 
Mr Sharp is at the Steel, Peech and Tozer works, and Mr 
Johnson and Dr Andrews at the Swinden Laboratories of The 
United Steel Companies Ltd 


SYNOPSIS 
Solidi fie d slags from the oxidizing pervod in the basic are 


furnace are classified according to physical appearance 


Characteristics are described in the hope that they may 
guide operators in assessment of basicity and percentage 
iron oxide. The broad classification suggested empirically 
has hee n amplified and explained by an p 4 ray study of 
the mineralogical constitution of the slags 1759 
Slag samples were obtained with lime/silica ratios (or 
V ratios) of 1-0-3-0 and total iron oxide content 
(expressed as FeO) of 5-32°,. Of the samples taken 
nearly 75°, had V ratios between 1-0 and 2-0, and 
over 80°. between 14-27°,, FeO. The complete anal 
yses are recorded in Table [. These samples were taken 
from the furnace with the metal sampling spoon and 
poured into a tapered steel mould (Fig.1). After 
solidification the samples were removed from the 
moulds and allowed to cool. Throughout the tests 
conditions were standardized as far as possible. In 


) 


some cases it was not possible to pour the slag freely 
owing to solidification in the spoon. Such cases usually 
arose immediately after a 
blowing 


strong boil or oxygen 

With the second set of samples, conditions were as 
difficult as possible for sampling. These slags came 
from 1°,,C-Cr steel heats in which it was necessary to 
burn a considerable percentage of chromium from the 
metal into the slag. The higher Cr,0, content gave 
increased viscosity to the slag; also, the relatively high 
carbon melts often led to a foamy slag being formed 
during a considerable part of the oxidizing period. To 
assist in the sampling a special spoon was made with 
a flat shallow bowl, shaped very much like the mould 
(Fig.2). With this it was possible to take a number of 
samples from the bath and allow them to solidify in 
the spoon. Samples were obtained from as far in the 
bath as possible. The analyses of these 49 samples lay 
between the following limits: 

24-08—52-33°. CaO, 4-34-30-02°% SiO, 

0-08—2-94% P,O,, 1-65— 10-28% MgO, 

5:78-38-38°%, FeOp, 0-73-13-98%Cr,0, 


CLASSIFICATION OF SLAGS BY APPEARANCE 

General observations 

Of the 41 samples taken in the first series of trials it 
became clear that there were definite relationships 
between the physical appearance of a slag ‘pancake’ 
and its composition. Previous work by Funck,! Shinji,” 
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TABLE |! 


A visual method of primary slag control 


Chemical analysis of arc furnace slags, wt-°., and (wt-°,,/mol wt) 





Serial Cast 


no no. 


CaO 


MgO 


Al,O, 


FeO 


Fe,( ds 


Total 
Fe as 


FeO 


) 
PO; 


Cr,0, 


MnO 





A.319 


(0-255 
4 


SL 


(0-405) 


31-2) 


0-346) 
15-14 


(O-449) 


39(i) 

(0 
39(u) 20-37 
(0-340) 
20-76 


(0-346) 


A.656 


29-20 
(0-521) 
28-06 
(0-501) 
33-04 
(0-590) 
32-50 
(0-580) 
52-88 
(0-944) 
39°29 
702) 
32:21 
(0-575) 
50-19 
(0-896) 
30-06 
(0-537) 
46-99 
(0-839 
48-84 
(0-872) 
S884 
(0-694) 
38-84 
(0-694) 


(0-668) 


36-53 


0-640) 
30-49 
O-544 
34-78 
0-621) 
36-41 
0-650) 
40-07 
(0-716) 
37°89 
O-677 
—) 
540) 
37°47 
(0-664) 
33-66 
(O-601) 
31-90 


344) 
35-96 
(0-642) 
29-45 
(0-526 
36°31 
(0-648) 
37-15 


(0-663 


6-00 
(0-150) 
> 


33 
(0-183) 
3°49 
(0-087) 
3°76 
(0-094) 
3-67 
(0-092) 
3°50 
O0-O88) 
4°16 
(0-104) 
8354 
(0-209) 
12-36 
(0-309) 
8-858 
0-222) 
12-33 
(0-308) 
10-80 
(0-270) 


(a-ag] 
586 
(0-147) 
41 
0-135) 


1-69 
(0-017) 
1-73 
(0-017) 
1-32 
(0-013) 
1-05 
(0-019) 
2°40 
(0-024) 
2? -O8 
(0-020) 


(O-OL3) 
2-28 
(0-022) 
2.7 
(0-027) 
2-85 
(0-028) 
2°35 
(0-023) 
2-18 


(0-021) 


3°34 
(0-033 
2-09 
(O-O20) 
2°)) 
(0-021) 


(0-0 
2-91 
(0-029) 
2:52 
(0-025) 
2-48 
(0-024) 
2-49 
(0-024) 
4-42 
(0-043 
4-63 
(0-045 
3-71 


(0-036 


(0-040 
+-96 
(0-040 
4-82 
(0-047) 
4-07 
(0-040 


x 


oo 


(0-046) 
2:47 
0-024) 
1-39 
O-O14) 
5-38 
O-O53 
4-36 
(0-048) 
3-90 
(0-038 
3-20 


(O-O31 


46 

326) 
27-90 
(0-388) 
13-88 
(0-193) 
24-43 
(0-339) 
1-24 
(0-059) 
14-78 
(0-205) 
14-78 


(0-205 


0-178) 
12-08 
0-168 
20-09 
(0-279) 
15-30 
Q-212) 
14-02 
(oO 195) 
10-68 
(0-148) 
7-85 

0-109) 
11-18 


(0-209) 


4-71 
(0-029) 
4-43 
(0-028) 
4°85 
(0-030) 
5-85 
(0-037) 
1-14 
(0-007) 
3°14 
(0-020) 


(0-008) 
6-14 
(0-038) 
0-71 
0-004) 


70 
(0-036) 
8-71 
(0-054) 
1-71 


(O-OLL) 


0-016 
4-57 
(0-029 
3°50 

0-022) 


1-71 
(O-O1L) 
2-14 
(O-O18 
7-43 
(0-046 


(O-O17 
2°55 
(0-016 
2-30 
(Q-O74) 
5-00 
(0-031) 
8-70 
(0-054) 
9-70 
(0-061) 
3-S4 
(0-024 
one 
j 


oso 


0-023 
5-38 
(0-034 
344 
(0-022 


7°33 
(0-046 
* 


(0-044) 


(0-029) 
791 
(0-049 
7°53 
(0-047 
6-49 
(0-044) 


(0-414) 
5-26 
(0-073) 
17-60 
(0-244 
18 
(0-253) 
10-00 
(0-139) 
30-06 
(0-418) 
4-76 
0-066) 
11-45 
(0-159 
26-40 
(0-367) 
27-RO 
(0-386) 
16-50 
(0-229) 
14-53 
(0-202) 
13-50 
(O-18S8 
RO 
386) 
2-60 
314) 


196) 
23 
156 


OL 


86-09 
O-50]) 
14-52 
(0-202) 
26-51 
O-368 
18-10 
(0-251) 
21-34 


(0-296) 


1-85 
(0-013) 
1-45 
(0-010) 
1-00 
(0-007) 
0-55 
(0-004) 
0-05 
(0-0003) 
0-46 
(0-003) 
0-96 
(0-007) 


(0-009) 
0-28 
(0-002) 
O28 
(0-002) 
0-37 
(0-003) 
0-61 
(0-004) 
0-73 
(0-005 
0-76 
0-005) 
0-92 
(0-066 
1-32 
(0-009) 
1-09 
(0-008) 


1-20 
O-O0O8) 
1-14 
(0-008 
1-18 
O- O08) 
1-23 


(0-009) 


(0-015) 
O-US 
0-007) 
1-68 
(0-008 
1-O8 
(0-008) 
1-28 
(0-009 


(0-004) 
0-71 
(O-005 
0-76 
(0-005) 
0-75 
(0-005) 
O95 
0-007) 
O-S2 
(0-006 
0-44 
0-003) 
0-52 
0-004 
1-68 
(O-O12) 
1-65 
(O-O12) 
1-00 
(O-O138 
2-01 
(O-O14) 


5°83 
(0-037) 
6-10 
(0-039) 
6-10 
(0-039) 
2 25 


(0-014) 


0-41 
(0-003) 
2-56 


(0-016 


(0-003 


OS] 
0-005) 
l 52 
O-OLO) 
2-89 
(O-O19) 


2-03 
(0-013) 
2-18 
(0-014) 
1-SS 
(O-O12 
2-43 
O-O16) 
2-89 


(O-O19) 


9.94 
(O-019 
3-03 
(0-019) 
2-85 
(O-O18 
2.59 
(0-016) 
3°43 
{0-Q22 
3°13 
(0-020) 


5°75 
(0-027) 
5°30 
(0-034 
6°35 
(O-O04]) 
VOD 
0-058 
5-80 
(0-037) 
8-60 
(0-055) 


(0-02) 
5-50 
(0-035) 
5-20 
(0-033) 
6-40 
(0-041 
4-00 
0-026 
s-40 
O-O54 
3°30 
(0-021) 
1-10 
0-007 
5-30 
(O-O54) 
5-32 
(0-034) 
7-38 
(0-047) 


(O-O38) 


9-24 
(0-130) 
7-89 
(0-111) 
10-32 
(0-145) 
4°13 
(0-058) 
2-068 
(0-029) 
4-52 
(0-064) 
8-45 
(0-126) 
3-10 
(0-044) 
8-00 
(0-113) 
1-57 


{0-022) 


2-90 
(0-041) 
4-30 
(0-061) 
6-20 
(0-087) 


10-78 


(0-160) 
G-O5 
(0-127 
6-52 
0-092) 
8-32 
(O-LL7) 
8-13 
(0-115) 
8-90 
(0-125 


(0-110 
7-81 
(0-110 
6-32 
(O-08S9 
7-42 
(0-105 
7°16 
(0-101 
7:87 
(O-111) 
7-61 
(0-107) 
7-10 
Loo 
35 


104) 


10-84 
(0-153) 
10-35 
0-146) 
9-35 
(0-132) 
7-80 
(0-110 


0°33 
(0-017) 
0-42 
(0-022) 
O-sl 
(0-043 
0-16 
0-008) 
0-22 
(0-012) 
0-23 
(0-012) 
0-35 
(0-018) 
O-74 
(0-039) 
0-22 
(O-O12) 
0-16 
0-008) 
1-35 
(O-O71) 
0-50 
(0-026) 
1-68 
(0-088 
0-26 
(O-O14) 
Oso 
(O-O16 


(0-036 


0-20 
(O-OLL) 
O-1l6 
(O-008 
O-S7 
0-046 
0-93 
(0-049) 
1-40 
O-O74 
1-08 
(0-057 
1-07 
(O-056 
1-00 
0-053) 
0-70 
(0-037 
1-71 
0-090 
1-56 
(0-O82) 
2-40 
(0-126 
1-65 
O-O87) 
1-63 
(0-086) 
1-90 
(0-100 
1-63 
(0-086) 
1-43 
(0-075 
2-86 


0-2 
(O-OLL) 
0-12 
(0-006) 
OLS 
40-007) 
O-ls 
(0-007) 


0-173 
(0-005) 
0-283 
(0-009) 
0-069 
(0-002) 
0-075 
(0-002) 


0-032 
OOO] 
0-043 


(0-001) 


O-O06%9 
O-002 
0-154 
0-005 
O-224 
(0-007 
O-O71 
(0-002 
O-L0O7 
0-003 
0-085 
(0-003 
O-O9] 


(0-003) 


0-160 
(0-005 


0-137 


(0-04) 


(0-007) 
0-43 
(0-005) 
0-8] 
(0-010) 
0-93 
(o-O1]2 
O-s2 
(0-010) 
1-01 
0-013) 
1-10 
O-O14 
0-77 
O-OLO) 
0-50 
(0-006) 
1-08 
O-O14) 


0-48 
(0-006) 
0-56 
0-007 
0-51 
(0-006) 
0-71 
0-009) 
0-58 
(0-007 
O-5S 
0-007 
0-45 
0-006) 
O57 
0-007) 
O-49 
(0-006 
OSS 
0-007 
0-50 
0-006) 
0-54 
(0-007) 
0-47 
0-006 
O-5S8 
0-007) 
0-47 
0-006 
0-46 
0-006) 
OSS 
O-O05 
0-22 
C003) 
O23 
(0-003) 
O-28 
(0-004) 
0-49 
(0-006 
O-45 


(0-006 


(O04 
0-30 
O-O04 
OSS 
O-O04 
Os 
(0-006 
O-68 
O-oO0u 
0-45 
0-006 


O-36 


0-31 
0-004) 

0-28 
0-004) 





* Analysis not available; based on average « 


f other re 


sults for FeO and Fe,O 
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1 Slag sample mould (made in mild steel) 


and Petterson® on basic open-hearth slags was re- 
ferred to, and it was established that the same princi- 
ples were applicable. This also led to the general con- 
clusion that slags having similar analyses, if sampled 
at the same temperature and cooled at the same rate, 
would have the same physical characteristics. Pre- 
sumably this is due to the nature and mode of forma- 
tion and aggregation of the mineralogical phases which 
will be present: this aspect is treated in detail in the 
second part of the paper which is concerned with the 
X-ray analysis of these 41 samples. 

From their chemical analyses the samples were 
plotted as shown in Fig.4, and the boundaries inserted 
from the physical appearance of the samples classified 
broadly by the characteristics suggested by Fig.3. 
Some of the lines were very approximate, but it was 
expected that these could be amended if necessary as 
more samples became available. It was found, how- 
ever, that although some modifications were suggested 
by the constitutional X-ray work the main classifica- 
tion was supported. The final diagram of Fig.7 is pre- 
ferred to Fig.4 (in so far as it differs from it). The full 
derivation of Fig.7 is given in Part 2 but by anticipat- 
ing the results of Part 2 in this respect the authors 
hope the descriptive classification alone will be useful 
to melters and others who would not be interested in 
the details of the constitutional work. It is reeognized 
that: 


(i) the photographic reproductions such as those 
of Fig.3 cannot convey all the details of appear- 
ance which are necessary for clear identification 

(ii) in practice it would be essential to collect 
together suitable representative slag samples as 
produced in a particular furnace or plant so 
that slag types could readily be distinguished 
by actual comparison of unknown slags with 
standards 
modifications or adaptations might be neces- 
sary in certain cases if practice or conditions 
differed considerably from those under which 
the slags were obtained for the work described 
in this paper. 
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Petters 


Special sampling spoon 


A more detailed description will now be given of the 
various slag types which should amplify those in 
Figs.4 and 7 and explain the appearance of the 
samples shown in Fig.3. 


Interpretation of physical appearance 

The two factors that affected the appearance most 
were considered to be the lime/silica ratio (V ratio) and 
the iron oxide content of the slag. The phosphorus 
contents were generally low (average 1-08). Hence a 
basicity ratio including P,O, was not used although it 
might become necessary if the classification were to be 
extended to slags of higher phosphorus content. Many 
of the slags examined contained small amounts of 
fluorine. In certain cases where the content was higher 
than usual the slag tended to take on a silvery-grey 
sheen, and to appear less basic than it really was 
There were not sufficient samples to make possible a 
more definite interpretation of this effect. 

The information contained in Figs.4 and 7 (and 3) 
can be further amplified by the scheme in Table II 
which summarizes the broad differences between slags 
with increasing V ratio. 


Estimation of slag basicity 

The ‘descriptive scheme’ is tabulated primarily in 
terms of slag basicity so that it can be used to give a 
practical indication of the basicity. The effects of 
FeO content are secondary but quite 
definite and must obviously be taken into account. 
For the estimation of slag basicity reference to the 
tabulation in Table II shows a very definite sequence 
of characteristics. The features which are apparent in 
the samples chosen in Fig.3 are indicated and further 


Increasing 
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No.6 V = 1-34; FeOy = 29-8 
Type A (with higher FeO content) 


No.5 V = 1-28; FeO7 = 18-3 
Type A (with lower FeO content) 


> 


Type B (similar to type A but 
wrinkling) 


No.3 V 


No.24 V 
Type D 


1-58; FeO = 22-60 


with less folding and 


No.34 V 
Type E 


1:57; FeOr = 16-02 


Type G (samples shatter or fall to pieces) 





Visual appearance of main types of slag 


INCREASING BASICITY RATIO —> 


approximate disposition in relation to iron oxide content and basicity ratio (see Figs.4 and 7) 





No.19 V — 2-4; FeO 27- 
Type H 


No.32 V =2-43; FeO 
Type J 


No.27 V =1-78; FeOr No.10 V =2:42; FeOr 10-00 
Type F Type K 





INCREASING BASICITY RATIO — 
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BASICITY RATIO 


4 Dia. of electric arc furnace slag characteristics 


supported by other details. It is not always possible to 
give a definite opinion on every one of the possible 
features which can be taken into account in a visual 
examination. 


Estimation of the iron oxide content of the slag 

This is much more difficult than the estimation of V 
ratio. In most melting shops facilities are available for 
the chemical analysis of slags for iron oxide within a 
few minutes so that a visual estimation of iron oxide 


TABLE Il 


may not be as important as a visual estimation of 
basicity. With a knowledge of this iron oxide analysis 
an estimation of basicity, with the help of Figs.3 and 7 
or the descriptions in Table II, can be considerably 
easier. Without the analysis for iron oxide, however, 
it is still apparent that the classification can often give 
some indication of basicity and iron oxide content. 
However, it is considered that it is not very prac- 
tical to attempt a closer estimation of iron oxide 
except to gain some indication as to whether the 


Descriptive scheme for basic electric arc furnace slags 





Basicity ratio V 


Features which can 
be examined 


Increasing V—> 


Approximate ranges of 
1-O-1-4 1-4 


1-6 


1-6 





l 

Degree of macro- 
creasing (or folding) 
ete. of top surface 


Less heavily creased 
(especially at low 
FeQ). Some rounded 
furrows 


Heavily creased with 
higher FeO 


> 


Degree of micro- 
creasing (wrinkling) 
ete. of top surface 


Sharp wrinkles also Almost absent 
more pronounced 


with higher FeO 
3 
Reflectivity of top 


surface 


Matt Dull or semi-matt 


4 
ippearance of bottom 
eurjace 


Shiny black 
silvery iridescence 


Shiny black 
5 


Colour Grey Greyish black 
b 
Fracture Low FeO samples 


shatter on cooling 
Greater tendency to 
crease or wrinkle and 
to be somewhat 


More creasing and 
wrinkling, passing 
from region B to 
region A 


Effect of increasing 
iron oxide content 


porous. Regions 
G—-+E-—>D--+-C 


and 


Slags nos.34(t 


24(D 


Examples in Fig.3 Slags nos.5 and 6(A) 


Lace-like network (H 

giving place to spirals 
ete. having soliditied 

rapidly on pouring 


Mostly flat or slightly 
concave. Few 
folds 


Solid samples. (No 
pronounced macro- 
effect) 


No micro-creases but 
covered with pimples, 
Passing into lace 
network (region H) 


Samples now usually 
free. May show 
pinholes 


Semi-matt Semi-matt. Glossy Glossy but with | 

CaO and low FeO, m 
have a ‘musty film’ 
Black 


Dull, grey Dull, black 


Black Black Black. Brown with 


low FeO 


Low FeO samples 
shatter on cooling 


Lowest FeO samples 
shatter on cooling 


Similar effects to Regions K—-J 
those observed at or K--J-—-I-—-H 
lower basicity 1-6—-1-8 or K-+J-—>I, 

but appearance of or K-+l with 
lace-work on surface increasing CaO or 
at higher V ratios _ 
Regions (G—>)F—+D 
or (GQ—>)J >H 

27(F) None But see 27(F) 
24(D) ) and 24(1)) ) 


More inclined to show 
creases and wrinkles 
but less pinholes. 
Regions 
G—>F-+>D—C 

ratio 


Slags nos 


3(C) 


Nos.10(K), 32(J), 
19(H), 30(1) 
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sample is ‘high’ or ‘low’. Some investigators'~* have 
reported ‘spangle’ crystals in the fracture of samples 
of high FeO content, but these slags were from OH 
furnaces, and electric furnace slags do not appear to 
show the same characteristics. 


PART Il 
DETERMINATION OF MINERALOGICAL CONSTITUTION 
After the classification of slag types had been made in 
accordance with these principles, an examination was 
made of the mineralogical constitution of the slags to 
discover whether the different slag types in Fig.4 
corresponded to differences in the nature of the solid 
phases in the slags. If possible it would be desirable to 
explain the boundaries between the various regions in 
terms of this constitution and improve their location. 
The slags were fine-grained and may often have con- 
tained a small proportion of glassy silicate. X-ray 
diffraction provided the most satisfactory means for 
identifying phases, and had previously been used 


successfully in the study of OH slags by Jay! and of 


OH and electric furnace slags by Rait and Goldsch- 
midt.>° The latter authors proposed a system of phase 
assemblages to cover the constitution of all possible 
types of basic electric oxidizing slags (their Table IX). 
In the present case, however, the slags appear to 
correspond to a small region of this classification and a 
simpler view of the constitution is sufficient to inter- 
pret these results. The diffraction analysis has been 
supplemented by calculation from chemical analysis, 
and the constitution is considered from both points of 
view. 


X-ray diffraction analysis 

The slags were all examined in a Guinier-type focus- 
ing camera. The photographs obtained gave a much 
higher order of accuracy and resolution than photo- 
graphs from a conventional cylindrical powder cam- 
era. Phase identification was therefore more complete 
in spite of the complex nature of the patterns, the 
number of phases, and the variety of weak lines 
obtained. 

The results of the X-ray determination of constitu- 
tion are summarized in the left-hand side of Table ITI. 
The phases referred to may be described briefly as 
follows: 


ubic oxide RO (FeO solid solution) 
This is a cubic oxide phase which is regarded as a FeO 


solid solution (containing appreciable amounts of 


MnO or MgQ). Its presence in solidified steel furnace 
slags is well known.*»> The lattice parameters of these 
phases were measured wherever possible and correl- 
ated with the total slag content of FeO, MgO, and 
MnO. These results are described in the Appendix. 


Spinel oxide RO.R’,f ). 

This oxide, like the RO phase itself, appeared in 
nearly all the slags and is again of variable composi- 
tion. In slags containing no Cr,O, or Al,O;, Fe,O, 
would be the spinel phase formed under certain con- 
ditions but here spinel formation has been promoted 
over a much wider range of compositions and basicities 
by the considerable amounts of Cr,O, and Al,O, that 
exist in these slags, particularly by the Cr,OQ,. In 
general some CaO in the presence of Fe,O, and 
Al,O, might be expected to form calcium ferrite solid 
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solutions. The lattice parameters of the spinel phases 
are also considered in the Appendix. 


Olivine-type silicate 

This silicate appears in the slags with the lowest ratio 
of CaO/SiO, and corresponds to solid solutions in the 
region of the monticellite mineral CaO.RO.SiO,. 


Merwinite-type silicate 

Merwinite itself has the formula 3CaO.MgO.2Si0, and 
is ‘half way between’ CaO.MgO.SiO, and 2CaO.SiO,. 
The present constituent contains Mn and Fe replacing 
some of the Mg in the formula. 


‘T’-type silicate 

This silicate has a different X-ray pattern from mer- 
winite but it may be related to it and appears to have 
a fundamental composition in the same region. It was 
generally found in slags for which the calculation 
indicates a constitution somewhat between merwinite 
and di-calcium silicate. Elsewhere in one case (no.6) 
another variant described as T’ appeared. Both T and 
T’ gave powder patterns which suggested a somewhat 
distorted version of the structure of the perovskite 
type. It has been suggested that merwinite itself is of 
the same class of compound.®-® In the present 
instance the phase may be either a transition meta 
stable phase or a silicate stabilized by small amounts of 
chromium oxide. It is hoped to investigate these 
phases in more detail. 


8 Di-calcium silicate 

This phase is formed in the most basic of the slags. It 
can be stabilized by P,O, or other oxides including an 
oxide of chromium. One slag (no.7) was kept for some 
time before X-ray examination and was found to have 
transformed to y. Basic OH slags stored for some time 
have been found to give this effect. 


x’ Di-calcium silicate (K phase) 

Three slags (nos.20, 42, and 43) contained this high 
temperature form of di-caleium silicate. This phase 
could have been stabilized by phosphorus and/or 
chromium and perhaps by more rapid cooling. The 
phosphorus content of these three included two of the 
highest and one intermediate so that the dependence 
on phosphorus content is probably not the only factor. 


Free calcium oxide phase 
A little of this phase was found in the slags with the 
highest basicity ratios. 


Calcium fluoride 

Small amounts of calcium fluoride appeared in four 
slags. Some fluo-phospho-silicates (apatite-like com- 
pounds) might have been present but were not de- 
tected presumably because the P,O,; contents were 
low and so the amounts of such phases, if present at 
all, would be small. 


Other phases 
Some of the slags contained traces of other phases 
which were not identified. 


Calculation of constitution 

The results of the X-ray analysis in general were used 
as an initial guide to the calculation of constitution. It 
was, for example, realized that the presence of a spinel 
oxide in practically all of the slags and the apparent 
absence of ferrites considerably simplified calculation. 
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5 Constitution of slags as determined by X-rays 


In certain cases, however, especially where free lime 
was found, smal] amounts of ferrite might be present 
but undetected. 

The constitution was calculated from the chemical 
analyses recorded in Table I (using the molecular or 
atomic ratios—figures in brackets) and is given in 


Table II] where comparison with the individual X-ray 


results can also be made. 

The principles on which the calculations were made 
are well known and it is only necessary to refer here to 
the silicate phase and the possibility of ferrite forma- 
tion. The silicate composition was considered to lie 
between Ca,SiO, and Fe,SiO, assuming that some Fe 
could be replaced by Mg and Mn. The phase limits 
were assumed to be about the same (as for the lime 
silicate-fayalite system) in the absence of data relating 
to the full pseudo-quaternary system Ca,SiO, 
Fe,SiO,-Mg,SiO,-Mn,SiO,. Reference was made to 
the diagram of Bowen et al.? and to other diagrams in 
the compilation of Levin, McMurdie, and Hall.* In the 
range of silicates considered, the silicate composition 
is determined by the ratio of CaO’/SiO,. 

In cases where there is some free lime it is possible 
that some of this would combine with Fe,O, (and 
Al,O,) to form a ferrite phase. This would modify the 
calculation in some of the cases in Table III and these 
are the figures in brackets. It has been noted that 
ferrite was not detected by X-rays but that small 
amounts of such a phase could escape detection. In 
general the calculated compositions as in Table III are 
directly comparable with the X-ray results without 
reference to the possible presence of a ferrite phase. 


RELATION OF CONSTITUTION TO THE CLASSIFICATION 


It is useful to consider how the constitution as deter- 
mined and recorded in Table III relates to the classi- 
fication based on the visual study of the slags. The 
boundaries in Fig.4 are somewhat arbitrary. When, 
however, the constitution as determined by X-rays is 


considered, some of the boundaries proposed in Fig.4 
appear to bear some relation to the constitution as 
in Fig.5 

It is noted that Figs.4 and 5 refer to weight per 
centages and the total iron is reported as FeQ, i.e. the 
practical diagram does not take account of the rela- 
tively small fraction of total iron as Fe,O, or of the 
presence of other oxides. The practical diagram, how- 
ever, must be necessarily over-simplified in this way 
to reduce the variables. 

In Fig.5 the boundary RS divides regions which 
contain di-caleium silicate solid solution from those 
which also contain a second silicate. Likewise a line 
such as PQ divides slags containing olivine alone (or 
T’ in no.6) from those containing mixtures of silicate 
phases (including merwinite or T phase). These two 
main divisions would be expected since a basicity 
ratio of 1-82 (in terms of weight percent) would give 
di-calcium silicate containing a little iron (magnesium 
or manganese) in solid solution approximately at R. 
Increased iron oxide content would tend to slope the 
boundary in the direction towards higher basicity. 
Otherwise the effect of increasing iron oxide which is 
predominantly ferrous iron, is to move the constitu- 
tion for a constant CaQO/SiO, ratio into the regions 
where two silicates are found. Similar conclusions 
apply to the line PQ, except that in this case the ratio 
of CaO/SiO, for the olivine boundary is 1-05 but this 
requires the presence of some iron oxide (about equal 
to total CaO). There were no slags in the region near P 
but these would presumably constitute another slag 
type depending on the appearance in this corner of 
wollastonite solid solutions based on CaSiQg. 

Evidently some of the principal divisions proposed 
in Fig.4 come near to the main boundaries PQ and RS 
in Fig.5. Other divisions might be expected to be of the 
following types: 

(i) lines more or less parallel to PQ and RS, 
dividing according to silicates, e.g. TU. One 
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6 Constitution of slags as calculated (see Fig. 5 for key to symbols) 


such line might divide merwinite associated there is a general increase in the proportions of 
with di-calcium silicate from mixtures with free RO phase and/or spinel, with increasing 
olivine total iron even though the actual amounts 

(ii) lines representing more or less constant iron depend on other oxides. The slag appearance 
oxide contents and therefore near to the does depend partly on the ratio of these oxides 
horizontal to silicate as well as on the type of silicate. 

(iii) radiating lines representing a ratio of two com- Figure 6 is a similar diagram to Fig.5 using the 
position variables. One such line might be RV. calculated constitution. This calculated constitution 
It is clear from Fig.5 that some of the other is evidently somewhat more self-consistent, as it 
divisions between slag types might be explic- should be. The phase boundaries are, however, not 
able in such terms, e.g. it is to be expected that quite so consistent with Fig.4 even allowing for the 
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7 Are furnace slag characteristics related to constitution (finally accepted boundaries) 
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TABLE IV Constitution of arc-furnace slags, lattice para- 
meters of oxide phases 





RO phases 
(MnO + FeO4 


Spinel phases 
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* Or ‘theoretical spacing’. + Not available for X-ray measurement. 


approximate and somewhat arbitrary choice based on 
observation of the lines in Fig.4. The X-ray results, 
therefore, represent the actual constitution of the 
slags more accurately although the difference is not 
great. There may be some variation due to different 
solidification rates and small amounts of glass phase: 
the slags as observed are probably not in a state of 
equilibrium. 

As a result of these observations the finally accepted 
diagram is represented by Fig.7. In this diagram every 
point falls in the same region as in Fig.4 but the 
boundaries are adjusted so that they conform to the 
constitution as determined mainly by X-rays. A 
dividing line half-way appears to separate regions E 
and F, and C from the top part of region D (perhaps 
there should be another region here). The region G 
should probably be confined to a mixed silicate con- 
stitution, while the difference A and B is 
really one of degree rather than kind. The other 
regions, namely H, I, J, K, represent slags which 
should, and usually do contain free lime together with 
B, y, or x’ di-calcium silicate. The solid line boundaries 
represent a constant ratio of iron oxide to basicity in 
excess of 1-82 and correspond to approximately con- 


between 


stant ratios of total iron oxide to free lime phase for 


constant silica content. It seems to be quite logical 
that in this region the slag type should change charac- 
ter with increasing FeO content giving increasing pro- 
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. , ’ 
& Lattice parameters of thic oxide phases General formula 


RO (where R— Fe, Mn. and Ma 


portions of free RO and spinel phases, but that 
increasing CaO content on the other hand giving 
increasing free lime phase leads to a reversal in the 
sequence. In particular the highest free lime tends to 
give a ‘musty’ film on the surface of the slag. These 
with the 
pressed earlier about the use of slag appearance to 
estimate basicity or iron oxide. 


observations can be associated VIEWS e@X- 


GENERAL CONCLUSIONS 

(1) The different types of slag are classified accord- 
ing to their visual appearance. They fall into regions 
detined in terms of two practical quantities which are 
important in relation to the properties of the slags, 
namely total iron content and basicity. Hence the 
appearance of a slag (Fig.2 and descriptions given in 
paper) should enable it to be placed in the appropriate 
region in Fig.7, and its composition can then be modi- 
fied if necessary by suitable additions to the furnace. 

(2) In spite of the presence of a number of other 
composition variables which cannot be conveniently 
taken account of in a practical scheme, the classifica 
tion is broadly consistent with the constitution of the 
slags as determined by X-rays and supported by 
calculation 
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APPENDIX 

A note on the constitution of the oxide phases (RO phase 

and spinel) 

The nature and constitution of the cubic RO phase and the 
possibility of variable composition or the co-existence of two 
such phases containing FeO were considered in the papers of 
Rait and Goldschmidt® and of Jay.* the 


a ice marameters oO ese CUbHIC ynhases may e correlatec 
latt | t f tl bie pl y t lated 


Measurements of 


with their composition. In the present work the lattice para 
RO phase and the spinel phases RO.R’,O, 
were measured wherever possible. These measurements are 
Table IN 


The measured lattice parameters can be interpreted by con- 


meters of cubic 
recorded in 


sidering their relation to the chemical constitution of the slag 
as a whole. From this basis a calculated or ‘theoretical’ spacing 
is obtained. This is merely the weighted mean lattice para 
meter of an oxide solid solution of FeO, MnO, and MgO in the 
same proportions as in the slag as a whole. To obtain this 
mean parameter Vegard’s rule is applied and the lattice para 
meters of the end members are (kX units): 
FeO (in contact with Fe) 4-301, Mno 4-437, MgO 4-202. 

When observed spacings are plotted against calculated as in 
Fig.8 there is 


representing exact agreement but on the average the observed 


considerable scatter about the diagonal line 
spacings are higher. The implication is that the actual RO 
phase contains proportionately more MnO or less MgO than 


the calculated. This could thus very well result from a slightly 
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stronger preference of Mg for the silicate phase. The free- 
energies of formation of the orthosilicates of the elernents Fe, 
Mn, Mg, and Ca are as follows (formation from oxide RO+ 
S10,): 

Fe, SiO, 11200 cal/gmol 

Mn, SiO, 11800 

Mg,SiO, 15100 

Ca,Si0, 30200 
These figures are reflected in the fact that CaO tends to replace 
the other oxides from orthosilicate slags and that the RO phase 
appears to contain little or no CaO until a separate CaO phase 
is also formed. Hence the somewhat greater affinity of MgO 
for S10, compared with FeO or MnO might be partly responsi 
ble for the slight relative enrichment of the RO phases in 
oxides which tend to increase the lattice parameter. That the 
difference is not due to CaO itself is suggested by the observa 
tion that slags nos.10, 13, 14, 15, 19, 20, 30, 31, 32, 42, 43 
appeared to contain free lime and no.25 might have contained 
a little according to calculation, but that these show no sys 
tematically different behaviour in Fig.8 than the others. 

A similar relationship follows for the spinel phases. In this 
case the ‘theoretical spacing’ represented a weighted mean of a 
mean ferrite, mean chromite, and mean aluminate solid solu- 
tion (alternatively regarded as a weighted mean of a mean 
ferrous spinel, mean manganese spinel, and mean magnesium 
spinel). The end members were: 

FeO. Fe jf ), 8-375 

Mné ).Fe gf », 8-515 

MgO.Fe,0, 8-368 


FeO.Cr,0, 8-358 
MnO.Cr,O, 8-418 
MgO.Cr,0, 8-316 


FeO.Al,0, 8-140 
MnO.Al1,O, 8-189 
MgO.Al1,0, 8-066 


A possible complicating factor is the occurrence of ‘inverse 
and ‘normal’ spinels, but this tendency when present would 
affect the end members and would persist in the solid solution 
between spinels of the same type. Spinels of opposite type tend 
to give changes in direction in the lattice parameter curves. 
The effects are not known for these complex solid solutions, 
but the calculation was considered to be worthwhile using the 
Fig.9 


which appears to reflect the same tendency as Fig.8 and could 


Vegard relationship; and this gives the diagram of 
presumably be due to the operation of the same factors. Thus 
the spinel phase is richer in FeO and MnO and poorer in MgO 
relative to the overall composition in many of the slags. The 
question again arises as to whether solution of CaO in spinel 
could account for the higher parameters, but there appears 
to be no correlation. 

It is considered that the above observations throw further 
light on the constitution of the RO and RO.R’,O, phases. 
although at the present stage a complete determination of 
their constitution is not possible 
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The new electric melting shop 
of Steel, Peech and Tozer 


R. S. Howes, B. Met. and A. Jackson, A.Met., F.1.M., C.G.1.A. 


PART | EXISTING AND FUTURE OPERATING 
CONDITIONS 

4 NEW electric are furnace plant is being built at the 
Steel, Peech and Tozer works near Sheffield. This 
works is one of the four steelmaking 
United Steel Companies Ltd, and as these four separ- 
ate works are integrated to a degree, a brief description 
of the group is essential to see the background more 
clearly, although only one branch, the Appleby- 
Frodingham Steel Company in Scunthorpe, is directly 
and closely involved in the Steel, Peech and Tozer 
project. 

As United Steel's steelmaking capacity is not less 
than 14°, of the total UK ingot production, the ratio 
of usage of pig iron to scrap must necessarily be closely 
related to the national average. The Company aims to 
be self-sufficient in pig iron, and for many vears has 
adjusted its iron production with this aim in view. The 
principal pig-iron producer is the Appleby-Froding 
ham works, where phosphoric iron is made entirely 
from a self-fluxing mixture of home ores. The blast- 
furnaces, two of which are among the largest in the 
world, use 100°, sinter and coke produced within the 
organization. Although the ores used are very low 
grade, averaging 26°, Fe before sintering, the iron cost 
is relatively low in relation to most other producers. 
Its analysis is shown in Table I. 

The other ironmaking branch uses a 
home and foreign ores, mainly the latter, and produces 
hematite iron, most of which is used to make ingots in 
the acid Bessemer process. while the remainder is 
largely used at the company’s other plants. 

Of the steelmaking plants, Appleby-Frodingham 
has in the past used molten phosphoric iron and its 
own circulating scrap in large tilting furnaces (se¢ 
Table I, col.1) : 
their steelmaking materials from Scunthorpe as 
machine cast pig iron, the remainder being circulating 
and merchant scrap. They have two melting shops 
containing in total 21 cold charged fixed open-hearth 
furnaces, most of which tap 110 tons of ingots, while 
the remainder are 65-ton capacity. Samuel Fox and 
Co. is another steelmaking branch in the Sheffield area. 
This has open-hearth and electric furnaces of 80-ton 
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SYNOPSIS 
WW hile 
stalled to produce 


NUMETOUS large electric furnaces have been in- 
steels cold.- 
principle is not SO qe nerally 


general purpose from 


charge d materials. the 
accepted as to make steelmakers uninterested in the 
reasons behind the comple te replace ment of open hearth 
furnaces producing over one million tons per year by elec 
tric arc furnaces; im consequence this paper ws in two 
parts; (1) a comparison of existing operating conditions 
with those of the future 


electric arc furnace melting shop 


ii) a de scription of the planned 
i814 
capacity, and in addition some smaller are and high 
frequency furnaces. It is the largest alloy steelmaking 
plant in the UK and uses principally scrap with some 
pig iron supplied from Scunthorpe. Hematite or low- 
phosphorus iron is xequired for certain steel qualities 
The integration of these separate branches within 
United Steel Companies Ltd, and the necessity to 
maintain a steelmaking materials both 
within the company and nationally, means that major 
changes in steelmaking technique must be considered 
in a much wider field than that of a specific branch 


balance of 


Reconstruction plans 


Owing partly to the age of the plant and to the 
increasing efficiency of competitive steelmaking pro- 
cesses, it became necessary to consider how the 21 cold- 
charged furnaces at Steel, Peech and Tozer could be 
replaced by more economic operating units. Table I, 
col. 2 shows the raw materials and general operating 
characteristics for a steel quality group which covers 
a large percentage of their total ingot production. In 
this same context it is important to note the com 
parable factors in the steelmaking at Appleby- 
Frodingham (some 45 miles away) because this had an 
important bearing on the problem under consideration 
(Table I, col. 1). It should also be noted that the overall 
usage of steelmaking metallic raw materials in these 
two plants must continue in the same ratio in total 
i.e. a change in the usage in one plant would call for an 
opposite change in the other. 

Various possible solutions to the problem of replac- 
ing Steel, Peech and Tozer’s melting shops were con- 
sidered and rejected. These included installing plant 
to make the ingots in Scunthorpe by oxygen blowing 
processes, or supplying molten iron to Sheffield, but 
finally electric furnaces installed in Sheffield appeared 
most likely to give an economic replacement. 

The obvious plan was to consider melting the OH 
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TABLE | Comparison of processes 





Present practice 

i Future practice 
Appleby- 2 3 4 
Froding- SPT SPI 
ham cold- electric 
standard charged Ajax arc 

OH OH process furnaces 





Mixer metal (cwt/t ingots) 14-95 nil 21-2 nil 
Cold pig nil 8- nil 
Serap 5-7 13-95 nil 
Finishings 0-205 OL 0-21 
Pit scrap ‘87 U- 0-75 
Ore 2:2 0-5 1-73 
Slag made “4: 4°25 3-00 
Limestone +25 nil 1-00 
Lime 1-67 0-52 
Fluorspar O19 nil 
Dolomite 0-76 0-58 
Fuel, therms 60-0 9-0 
Oxygen, lancing, ft* nil 1260 
Oxygen, combustion, ft® nil 150 
Power, units 
Electrode, lb 
Tons/h 
Tons/furnace week 4875 
Availability, % 5 91-0 
Brick consumption 
Silica, Ib 24 
Firebrick, lb 3°27 1-33 
Magnesite, lb 2-08 0-95 
Chrome- magnesite, lb 5-338 13-52 

iia par ah 

37°37 17-04 20-5 
lapping capacity, tons 300 200 110 


29-0 





Mn Ss Si 
0-90 0-050 0-65 
0-40 0-045 U-25 


Iron analysis (cold pig), ‘ 3°65 “35 
5 


Mixer metal analysis, °, q os | 





mixture already in use in large are furnaces, and 
removing the carbon by oxygen lancing. Careful 
investigation showed that such a process could give 
some savings over the existing cold-charged OH prac- 
tice. If, however, one considered the improvements 
possible in the existing plant, such as the application 
ot basic roofs, oxygen for combustion, multiple burn- 
ers, etc., then the prospective savings were so reduced 
that it was most difficult to see a satisfactory return 
on the new capital it would be necessary to expend to 
replace plant already largely written off. 

At this time Appleby-Frodingham were beginning 
to obtain results on their Ajax* oxygen steelmaking 
process, which was proving to be more economic using 
100°, molten metal than their traditional process 
using 76°, molten metal and normal circulating scrap. 

As soon as this process was proved to a reasonable 
degree, it brought forward a significant new possi- 
bility, i.e. to send Appleby-Frodingham circulating 
scrap to Sheftield instead of cold pig iron so that the 
electric furnaces could operate close to 100°, scrap. 
This obviously reduced slag volume and the necessity 
for its removal with such increase in production rate 
that the projected seven furnace plant could be 
reduced to six furnaces. 

The revised raw materials distribution can be seen in 
Table 1. Column 1 shows the former standard OH 
practice at Appleby-Frodingham, which gave best 
results, either more or less scrap decreasing output 
progressively from this optimum. The Ajax process 
figures are shown in col. 3 and are based on the last 
200000 tons of ingots produced. They show a con- 
siderable improvement on the early Ajax practice as 
already published.+ The are-furnace figures, col. 4, are 
derived (a) from work on Steel, Peech and Tozer small 
are furnace, (b) from published information, and 
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(c) they were confirmed as fully as possible by operat- 
ing an 80-ton are furnace at the Samuel Fox works 
for a month, using the proposed Steel, Peech and 
Tozer mixtures and making the types of steel they 
expect to require. 


Comparison of steelmaking methods 

To make a comparison between former practice using 
OH furnaces in both Appleby-Frodingham and Steel, 
Peech and Tozer melting shops with the proposals to 
use the Ajax process at the former and electric are at 
the latter, the following figures are used: 

(i) out of the ingots produced by the two plants 
together, about 58%, has been produced at 
Appleby-Frodingham and 42°, at Steel, Peech 
and Tozer, and it is expected that this ratio will 
remain about constant 

(ii) 100°, molten iron in the Ajax process and 
100°, scrap in the arc furnace (although a small 
degree of interchange is practicable). 


Mixture 


The figures show that the use of OH furnaces at both 
plants requires in total 61°, of pig iron, while the new 
method requires 61-5°,. The ingot yield calculated on 
charged pig iron, scrap, and Fe from ore is 88-54° 
89-46°, respectively, a gain of 0-92. 


Fuel 

If the costs of fuel, oxygen for lancing and combustion, 
electrodes, and power (arc furnaces only) are com- 
pared there is no significant difference between old and 
new practice, taking the two plants together in each 
example. 


and 


Production rate 

The production per operating furnace has increased by 
over 80°, using the Ajax process and by 350°, from 
the new are furnaces, thereby giving material reduc- 
tion in working costs. 


Refractories 

Refractory brick consumpti and fettling dolomite 
‘ é kK ‘ ption and fettling dolomite 

show marked reduction in costs. 


Slag and lime 

The total lime consumption and slag volume produced 
have fallen. More slag is, however, made in the Ajax 
furnaces and it contains a higher phosphoric acid con- 
tent than formerly. This arises because the phosphorus 
which was formerly sent to Steel, Peech and Tozer and 
discarded with their slag is now retained at Appleby- 
Frodingham and sold as fertilizer. 


Conclusions 

3y changing from OH steelmaking from hot metal in 
large tilting furnaces and cold charged fixed furnaces 
to the Ajax process using hot metal and the are furn- 
ace using cold scrap, significant cost savings can be 
made. As the same ratio of scrap and pig iron in the 
raw materials used is retained, it is unnecessary to 
include the relative prices of scrap and pig iron (which 
often make comparisons so difficult) in assessing the 
total proposals for the two steelmaking plants closely 
concerned, 

* A. Jackson: J/ISI, 1958, 190, 1-29. 

+ A. JACKSON: tbid., 1959, 191, 337-342. 








May 1960 


New electric melting shop 


Journal of The Iron and Steel Institute 


Howes and Jackson 


doys Buryzaut ot4joa]a ybnosogajdu i], fo jnohip) paso ie ld 


suiq sbutijjoa) 


SOX} Sapixy TYVTT TY» 


ace maha 
4« 


spynow 


Seo 


Ujpd9}8 p2-9 


Rury 
cerry ry 


SSE ° 1°) 
RU 
vrvrvyry? Yr 











98 Howes and Jackson New electric melting shop 


PART Il 
SHOP 
When conversion plans are complete, the plant will 
consist of six 24-ft dia. electric-arc furnaces each tap- 
ping 110 ingot tons. Each furnace will be powered by a 
40000 kVA transformer and fitted with 24 in. dia 
graphite electrodes. A plan of the complete shop is 
shown in Fig.l, and a through the 
furnaces in Fig.2. 

The site at the present time is occupied by Temple- 
borough melting shop, which produces 900000 ingot 
tons annually out of 14 fixed cold-metal OH furnaces. 
As the new shop is designed to produce over 1350000 
ingot tons annually, considerable modification has had 
to be made to the raw material handling facilities, the 
casting pit and stripping area as well as the furnace 
bay 

The following notes give a brief description of each 
section of the shop. 


TEMPLEBOROUGH ELECTRIC MELTING 


cross-section 


Layout of railways 

To handle the greatly increased amount of scrap that 
will be required by this melting shop, a very extensive 
marshalling yard has been laid out behind the raw 
material stock yard. Thismarshalling yard hassufficient 
capacity to store 24-h supply of raw materials, and 
reception sidings, holding with 
iiequate roads for shunting operations, sidings for 
empty wagons, and wagon weigh facilities. Extensive 
alterations have also been made to the casting pit and 
mould shop railways to ensure adequate disposal of 
ingots to the mill. As it is intended to dispose of slag by 
road transport instead of the present rail slag pot 
system, road access has been improved 


consists of sidings 


Raw material stockyard 

The problem of filling electric-furnace baskets is very 
different, and in some ways much simpler than filling 
OH charging pans. The stockyard has been arranged 
with nine basket-filling stations, each served by its own 


magnet crane. These stations are arranged in groups of 


three, each group being served by its own railway line 
ind containing scrap pens as well as wagon standing 
room. These scrap pens have a capacity of 24000 tons 
ind are intended to smooth out fluctuations in the 
flow of incoming raw materials and to provide against 
interruptions due to bad weather ete. Thus it can be 
seen that the raw material stockyard and marshalling 
vards together hold nearly a week’s supply of raw 
materials, 

Between the stockyard bay and the furnace bay is 
i narrow building at present housing the OH furnace 
chimneys. Advantage is being taken of this small bay 
to provide storage bunkers for oxides, fluxes, and 
fettling materials, storage bunkers being filled by an 
overhead monorail crane. At the eastern end of the 
stockvard bay a special area has been set aside for a 
ferroalloy store. This will contain storage pens, barrel 
stocking racks, and drying facilities for removing 
moisture from the alloys. 


Furnace bay 

The OH stage has to be completely removed and the 
are furnaces will be installed at ground level, with a 
transformer house between each pair of furnaces. The 
columns lining each side of the furnace bay will 
require extensive modification in order to withstand 
the increased loading of the three new basket charging 
cranes each of 150-tons capacity. At the same time 
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modification to the roof of this part of the building 
will be necessary to give the required crane clearance. 
Slag removal from the furnace will be arranged in an 
underground tunnel, by road vehicle, emerging at the 
western end of the shop. 

The present OH stage is nearly } mile long. The are 
furnaces and ancillary equipment only take up little 
more than half the length of this building, it is pro- 
posed to convert the east end of the shop into a new 
mould storage and stripping bay to deal with the 
additional tonnage. In this section of the shop two 
stripper cranes are to be installed, both of the revolv- 
ing mast type. Roof bricking and storage will take 
place at either end of the furnace bay. Refractory 
materials for both roof and furnace construction will 
be supplied by underground tunnel to prevent inter- 
ference with the shop cranes. 

Casting pit 

Very little alteration is made to the existing casting 
pit apart from some re-organization of the railways 
and mould cooling gantries. The present casting cranes, 
of which there are four of 150-tons capacity, will be 
adequate for the electric shop, but these cranes will 
need fitting with new rope drums to get the extra 
length of rope required to reach down into the are 
furnace ladle pits. At the west end of the shop, special 
arrangements will be made for producing forging 
ingots from 3 to 100 tons each in weight, both by con- 
ventional and vacuum casting. At the Rotherham end 
of the casting pit slow-cooling facilities are provided 
for alloy and other crack-susceptible steels. 

Mould shop 

The existing mould shop is almost at the limit of its 
capacity. Here a completely new building 75-ft wide 
and 600-ft long is being erected for the processing of 
casting cars, and all preparatory work for the casting 
pit will be done in this area, casting cars being pro- 
cessed on a line assembly basis. Refractory hollow- 
ware will be fed to this shop by tunnel from the 
central brick stores. 

Powe r supply 

The furnace will be fed from the 275 kV grid, which 
will be brought to a new substation on the south of 
Sheftield Road. This substation will of four 
75 mVA transformers which step down to 33 kV 
supplying the are-furnace bus-bar. A diagrammatic 
arrangement is shown in Fig.3; the 33 kV supply is 
then taken direct to the furnace transformers crossing 
Sheffield Road by a tunnel. 

Ancillary buildings 

The main office block and control centre for the 
melting shop is situated to the South of Sheffield Road, 
and access is provided between this building and each 
bay of the melting shop by tunnel. This building will 
also contain an amenity centre, canteen, and time 
office. A new chemical laboratory is being built in the 
works and each furnace will be connected directly by 
a high-speed large-bore rabesi tube, with direct com- 
munication between laboratory and furnace cabin, 
bath sample analysis being done by spectrographic 
means. 


consist 


Shop production 

The bulk of the shop production is plain carbon and 
rimming steels for billet, bar, rod, and strip mills, but 
smaller tonnages have also to be provided for wheel 
and tyre mills and the press and hammer forges. 








Steelmaking 

The bulk of the steel qualities will be made using a 
single slag technique, and ladle finishings, from a 
charge consisting of 100°, scrap with sufficient 
anthracite to give a 0-40° carbon boil. 

To achieve the stated output it will be necessary to 
receive 30000 tons of scrap per week, 7500 tons of this 
will come from works arisings, upwards of 10000 tons 
per week from Appleby-Frodingham as described in 
the first section of this paper, the remainder being 
bought merchant scrap. As has been previously stated, 
this leaves the United Steel Companies’ overall balance 
of materials unchanged, the figures being in accord- 
ance with the national averages. 

For the alloy qualities at present made by the acid 
OH process, and for steels of conventional electric 
quality, a short reducing slag period will probably be 
necessary giving a double slag practice. In cases where 
low gas content is important, it may well prove advis 
able to revert to a bath or even ladle finishing. For 
extreme cases, and certainly with the heavy forging 
ingots, vacuum casting presents a proven means of 
producing low hydrogen steels. 

Table I (col. 4) gives details of the furnace perform- 
ance figures that are expected. These are mainly self- 
explanatory, but it is perhaps worth noting that the 
average output rate is given as 29-5 tons/h. This is a 
composite figure based on the qualities it is expected 
to make. For the bulk of the production 334 tons/h is 
anticipated, i.e. a furnace cycle time of 3 h 20 min, 
tap-to-tap. With the exception of forging ingots, 
which will be floor cast in sunken pits at the west end 
of the shop, the entire production will be car cast, the 
majority being uphill teemed 


Fume cleaning 

To meet the requirements of the new clean air legisla- 
tion, the furnaces will be equipped with extensive 
fume cleaning plant. Although the design of this has 
not yet been finalized, it will probably consist of direct 
extraction through the furnace roof, a spray 
ditioning chamber, and electrostatic precipitators. 


con- 
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Rubbish disposal 

To keep the cross traffic in the melting shop down to a 
minimum, the furnace cellers have been enlarged and 
a system of cross tunnels will be incorporated, so that 
all rubbish arising from furnace dismantling, casting 
pit, and mould shop can be removed by road transport 
running underground 


Conclusion 

When completed, the new electric melting shop will 
produce the equivalent of 6°, of the present UK ingot 
production and double the existing electric steelmak- 
ing capacity 
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NEWS 


THE IRON AND STEEL 
INSTITUTE 


NEWS OF MEMBERS 


Mr |. A. Bailey has been appointed deputy 
chairman of the Mond Nickel Co. Ltd and ot 
Henry Wiggin and Co. Ltd. 

Mr Bernard Baker has been appointed a 
managing director of John Baker and Bessem 
er Ltd 

Mr Henry Baker has been appointed chair 
man and a managing director of John Baker 
and Bessemer Ltd. 

Mr 8. E. Baker lias retired from the board of 
John Baker and Bessemer Ltd. 

Mr D. W. Beswick has been elected a Licen- 
tiate Member of the Institution of Metal- 
lurgists 

Mr A. C. Brearly, technical director of 
Catton and Company Ltd, Leeds, has been 
appointed a director of Weir Foundries Ltd, 
Leeds 

Dr G. Bullock has joined ASEA, Visteriis, 
Sweden. 

Mr Herman Christiansen has left the Bre- 
manger Semltverk division of Christiania 
Spigerverk, Oslo, to join the Norwegian 
Engineering Export Organization. 

Dr Harold T. Clark has been appointed to the 
new post of administrative director, research 
and development department, Jones and 
Laughlin Steel Corporation. 

Dr M. Cook shares the W. H. A. Robertson 
Medal and Premium for 1959 awarded by The 
Institute of Metals. 

Mr R. 8. Keith has left Plibrico Ltd to join 
the Bonnybridge Silica and Fireclay Co. Ltd. 

Mr M. T. Laycock has been elected president 
of the Sheffield District Rollers’ and Tilters’ 
Association. 

Mr G. E. Lunt has been appointed to the 
board of the Staveley Coal and Iron Co. Ltd. 

Mr W. G. Masgeik has left Andrew and Co. 
(Pakistan) Ltd to join Indmag Priv. Ltd, 
Bombay, India. 

Professor R. F. Mehl has been awarded the 
Platinum Medal of The Institute of Metals. 

Mr B. B. Moreton has left the Steel Company 
of Wales Ltd to join the Drayton Regulator 
and Instrument Co. Ltd. 

Dr Erie R. Morgan is now director of research, 
research and development department, Jones 
and Laughlin Steel Corporation. 

Mr K. A. Oliver has joined the Brightside 
Foundry and Engineering Co. Ltd. 

Professor N. J. Petch has been awarded the 

tosenhain Medal for 1960 by The Institute of 
Metals. 

Dr N. Ridley has been appointed a lecturer 
in metallurgy at the University of Manchester. 

Mr A. W. Taylor has left The Arc Manufac- 
turing Co. Ltd, Glasgow, to chief 
metallurgist with Welding Rods Ltd, Sheffield. 

Mr James 8. Vanick, research metallurgist 
with the development and research division of 
rhe International Nickel Company Ine., has 
retired. ‘ 

Mr ©. H. T. Williams has been appointed 
chairman of Renishaw Iron Co. Ltd. 

Mr F. Woodifield has retired from the post of 
assistant managing director of the Park Gate 
[ron and Steel Co. Ltd. 


become 


100 


Obituary 

Dr ©. A. Edwards, r.r.s. (elected 
Swansea, on 29 March 1960. 

Monsieur Eugéne Eyt 
Pamiers (Ariége) France. 

Professor Carl Valerian Schwarz, pR.wNc 
(elected 1949) of Milan, Italy, on 30 November 
1959. 


AFFILIATED LOCAL 
SOCIETIES 


Liverpool Metallurgical Society 


The following officers and committees hav: 
been elected for the session 1960-61: 
President: K. Cobill 
Senior Vice-President: F. R. Brace 
Vice-President Professor W. 8S. 
M.ENG., PH.D. 
Retiring President: B. Ryan 
Honorary Secretary: J. F. Giblin, B.ENG 
Honorary Treasurer: B. Todd, M.ENG. 
Members of committee C. Bodsworth, 
M.MET., PH.D., R. C. Jewell, B.sc., A.R.S.M., 
RK. J. Morton, W. Rose, J.P. 
Honorary Vice-Presidents: RK. 8S. Brown, 
M.B.E., H. Edwards, V. L. Farthing, 8. J. 
Kennett, B.SC., A.R.S.M., PH.D. 


BRITISH IRON AND STEEL 
RESEARCH ASSOCIATION 
Lord Hailsham visits BISRA 


Lord Hailsham, Lord Privy Seal, recently 
visited the Hoyle Street laboratories of 
BISRA in the course of his recent tour of the 
Sheffield area. He was accompanied by Sir 
Harry Melville, secretary of the DSIR, and 
was received by Dr Charles Sykes and Sir 
Charles Goodeve, Chairman and Director of 
BISRA respectively, and Dr J. Pearson, 
assistant director and head of the Hoyle 
Street laboratories. 

The visitors saw a number of BISRA pro- 
jects, which included the work on vacuum 
melting, the ‘APIC’ device (see next col. ‘Auto- 
matic control equipment installed’) for arc- 
furnace use, and the recently announced auto- 
matic forging project. Lord Hailsham was 
particularly interested in the work on the 
continuous casting of steel being carried out 
by BISRA. A commercial plant for producing 
continuously cast slab by the BISRA process 
is to be built at the new extension of the Steel 
Company of Wales works at Port Talbot in 
the next few months 


1907), of 


(elected 1948) of 


Owen, 


Programmed forging operation 


For what is believed to be the first time in any 
country, completely automatic forging of steel 
by pre-calculated programme was successfully 
demonstrated recently in the experimental 
forge at the Sheftield laboratories. 

The forging was carried out by a precision 
controlled 200-ton press interlocked with a 
fast remote-controlled experimental manipu- 
lator capable of longitudinal, rotational, and 
lifting movements. Electric controls had been 
developed for both press and manipulator to 
ensure fast, accurate operation and to syn- 
chronize the movements of the two machines. 
During the forging, the press and manipulator 
were controlled by a programme control unit 
on which every detail of the schedule of forging 
operations had been set up. In this schedule, 
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the upper and lower limit of the squeeze tor 
every pass were given, the manipulator feed 
between strokes was selected, and the manipu 
lation necessary between was also 
stored. The control unit signalled instructions 
to the press and manipulator in the appro 
priate sequence, 


passes 


As a consequence, the finished forging 1 
some respects exceeded the best current 
industrial standards as regards dimensional 
precision, and even so the job was accomplish- 
ed twice as fast as the best skilled forging 
crew would be capable of doing. Even faster 
working will shortly be practicable. The forg 
ing schedule was calculated in advance from a 
theory of the change in shape during forging 
which had been worked out in the laboratory. 


Automatic control equipment installed 


Steel, Peech and Tozer (a branch of the United 
Steel Companies Ltd) are installing a BISRA 
automatic power input controller ((APIC’) on 
their 5-ton furnace. APIC works the furnac« 
according to a controlled programme of time 
and roof temperatures. The equipment consists 
primarily of a synchronous electric timer and 
devices which continuously measure the tem- 
perature, and rate of temperature change, ot 
the roof refractories. When the information 
relayed by these instruments indicates that a 
particular stage of melting has been reached, 
the controller selects the appropriate voltage 
for the next stage of the programme. 


THE INSTITUTE OF METALS 
Awards for 1960 


The Council of The Institute of 
nounces the following awards: 

Institute of Metals (Platinum) Medal for 1960 
to Professor Robert Franklin Mehl (Head of 
Department of Metallurgical Engineering, 
Carnegie Institute of Technology, Pittsburgh) 
in recognition of his outstanding contributions 
to the science of metals and to metallurgical 
education. 

Rosenhain Medal for 1960 to 
Norman James Petch (William Cochrane 
Professor of Metallurgy, King’s College, 
University of Durham) in recognition of his 
outstanding contributions in the field of 
physical metallurgy. 

W.H. A. Robertson Medal and Premium for 
1959 to Dr Maurice Cook and Mr E. Swainson 
(formerly chairman, and assistant manager, 
Technical Department, respectively, Imperial 
Chemical Industries Ltd, Metals Division, 
Witton, Birmingham) for a paper on ‘Are 
melting of reactive and refractory metals’, pub- 
lished in the Journal of The Institute of Metals, 
1958-9, 87, 161-173. 


INSTITUTE OF WELDING 
School of Welding Technology 


The prospectus of the School of Welding 
Technology for April—October outlines courses 
on welded structures, ultrasonic inspection, 
welding for supervisory staff, health and safety 
in welding, training and testing of welders, 
welded pressure vessels, residual stresses and 
stress relief, practical control of distortion and 
metal spraying. 

Copies of the prospectus and full details of 
courses are available from the Institute of 
Welding, 54 Princes Gate, London SW7 
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FORTHCOMING CONFERENCES 


7th Commonwealth Mining and 
Metallurgical Congress 


The Seventh Com nwealth Minis 
Metallurgical Congress will be held in Southern 
Africa next year. The congress will last for 6 
weeks of which the first 4 weeks, from 10 Apri! 
to 6 May, will be spent in the Union of South 
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Safety equipment company formed 
Optoshieid Ltd, a subs liary f the 
B.A.O. grou f ¢ 
market all the group's products intended 
industria: r 

Mr C. J 
general sales manager of the new 
The safety sales manager is Miss B 
and technical representation 


companies, will 
onsurn pt: 


Williams has beet appointed 
company 

P. Park, 
in matters relat 


ng to 


Z fustma! accident prevention remains 


inc hanged 


Contract news 


The continuous casting plant to be installed by 
The Steel of Wales Ltd as part of 
the latest development programme will be the 
of ite ty yutside the USSR. A twin- 
strand unit, it will produce slabs from 27 in. x 
6 in. to 4% in. x 9 in. and up to 21 ft in length 
from The well known 
BISRKA process will be used, and the plant will 
be supplied by Continuous Casting Co. Ltd. 
Weybridge, who are licensees for the BISRA 
ontinuous casting processes and are an ass8oci- 
ation of Campbell, Gifford, and Morton Ltd, 
Davy and United Engineering Co. Ltd, and 
Newton Chambers and Co. Ltd 

Head Wrightson Iron and Steel Works 
Engineering Ltd, a subsidiary of Head 
Wrightson and Co. Ltd, of Thornaby-on-Tees, 
announce the receipt of an order from the 
Skinningrove Iron Co. Ltd for the design and 
construction of a materials handling and iron 
ore sintering plant at their works at Carlin 
How, N. Yorks 

The plant is designed to produce ultimately 
of self-fluxing blast-furn- 
ace sinter from a mixture of imported and 
home ore fines. The total value of the work 
involved is approaching £700000 

A comprehensive contract for all the elec- 
trical equipment in three steel rolling mills has 
been awarded to English Electric by Colvillea 
Ltd for their new Ravenscraig plant, near 
Motherwell 

All the equipment will’ be 
English Electric's etal 
and mainly manufactured at the company’s 
Stafford works. Manufacturing will also be 
done at Bradford, Liverpool, and Kidsgrove. 
Delivery will be completed by the end of 1961. 

tichard Thomas and Baldwins Ltd have 
placed a £1} m. order with the Incandescent 
Heat Co. Ltd for the coil annealing plant for 
the Spencer strip mill near Newport. This is 
aaid to be the largest single order for annealing 
plant of ita type ever placed in UK. The plant 
will be tons of coil 
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INDUSTRIAL PUBLICATIONS 
RECEIVED 


Platinum Metals Review for April 1960, issued 
Matthey and Co. Ltd, includes 
I latinun in the industry, 
increasing the resistance of titanium to non- 
oxidizing acids, and the platinum chalice of 
Pope Pius VI 

The Wild-Barfield Heat-Treatment Journal 
for March 1960 contains articles on a crystal 


by Johnson 


articles on glass 


arbid 
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A new publication ‘Nimocast hest-resisting 
alloys’ details this series of alloys produced by 
Henry Wiggin and Co. Ltd. 


Leaflet 546 from Hadfields Ltd 
alloy steel Hecla 174. 


leals with 


The February issue of devoted 


entirely to research. 


Safety ia 


CHANGES OF ADDRESS 


The sales, administration, and accounts 
departments of Solus-Schall Ltd have moved 
to County Building, Honeypot Lane, Stan 
more, Middlesex (WORdsworth 4300 

The executive and sales offices of the Aetna 
Standard Division of the Blaw-Knox Company 
are now at 300 Sixth Avenue, Pittsburgh 22, 
Pa., USA. 


DIARY 
1-3 May 


INSTITUTE OF PHYSICS-SOCIETE 
FRANCAISE DE METALLURGIE—Joint 
conference on Physical and struc- 
tural of non-destructive 
testing of metals—-Institution o 
Mechanical Engineers, | Birdcage 
Walk, ndon SW! 

INSTITUTE OF PHYSICS—-Annual 
dinner — Park Lane Hotel, London 
W1, 7.30 pm 
SOCIETY FOR ANALY 
ISTRY, THE IRON 
TUTE, and 


aspects 


CHEM- 
INSTI 
THE TITUTE OF 
METALS—Symposium on The de 
termination of metals 
Denison House, London SWI. 

THE IRON AND STEEL INSTITUTE 
Annual General Meeting. Full 
details given on p.495 of News 
section, April issue 
MECHANICAL HANDI 


TION 


AND 


gases in 


3-5 May 


, ING EXHIBI 
Earl’s Court, London 
SWANSEA AND DISTRICT METAL- 
LURGICAL SOCIETY Annual 
eral Meeting—-Central Library, 
Swansea, 7 pm. 
INSTITUTE OF WELDING 
Meeting— Droitwich 
LEEDS METALLUR 
Visit to Cottor 
ROYAL 
ARCHITECTS 
London, 
24 May NEWPORT 


LURGICAI 


5-13 May 
7 May 


Gen- 


9-11 May 


Spring 
12 May 
16-20 May 


INSTITI 
in ii 


23-25 May 


Paris. 


ASSO 


30 31 May IAZIONE 

LURGIA~TH} 

TUTE—JOIN Milan (see 
detailed this 
issue 
THE 

Special met 


programm 


29 May 
11 June 


IRON AND STEEL INSTITUTE— 
ting in Italy (see de- 
tailed programme, pp.!3-16, this 
issue 

FIRST INTERNATIONAL PIPES AND 
PIPELINES EXHIBITION Earl's 
Court, London. 
8-10 June society FOR 


30 May 
2 June 


ANALYTICAL CHEM- 
ISTRY and GAS CHROMATOGRAPHY 
DISCUSSION GROUP 3rd sympo- 
sium on gas chromatography 
Assembly Rooms, Edinburgh. 

13-15 June INTERNATIONAL CONFERENCE ON 
POWDER METALLURG Y— New York, 
N.Y., USA. 
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MINERAL RESOURCES 

iron ore deposits at Fort Gouraud, Maure- 
tania, French West Africa K. Thienhaus and 

ye Zepter (Stahl Eisen, 1959, 79, Oct. 29, 
i 521-15 30) A description of the iron ore 
deposits at Fort Gouraud which are estimated 
to be of the order 120000000 t. Their average 
Fe content is 63-5%, some deposits have a Fe 
content of 67°%, and can therefore be used 
directly in steelworks. The ore is low in phos 
phorus, but a large portion is friable, i.e. it will 
require sintering before it can be charged into 
the blast-furnace. Winning and transport of 
the ore is also described.—-T.«G. 

The investigation of Ordovician iron ores in 
the Thuringian Forest area (Saalfeld-Rudol- 
stadt) KR. Huth (Neue Hiitte, 1959, 4, Nov., 
642-651) Geological prospecting for sub 
Silurian chamositic iron ore deposits is dis 
cussed.-—L.J.1L. 

Investigation of the red hematites in the Eifel 
region EK. Schubert, H. Bayer, and E. Schwarz 
(Z. Erz. Met., 1959, 12, Nov., 531-537) The 
geology, occurrence, and composition of these 
deposits are described. 

Concerning the thermographic character- 
istics of siderites V. 1. Kaurkovskii (7'rudy 
Soveshchaniya po Termografit, 1955, 205-210 
Thermographic analysis of siderites and their 
mixtures by heating in air and by changes in 
the Stepanov vessel (by limiting 
have established the stepwise 
the siderites. From their microstructure it was 
seen that the stepwise dissociation is condi 
tioned by their polycrystalline structure and a 
relation has been found between the 
tion temperature and this structure 
of the discontinuities on the therm 
siderites may be interprets 


the air access 
dissociation of 


dissocia 
Phe origin 
grams ot 
“1 as @ consequence 
of the stepwise dissociation. 

The use of thermography by layers to elucid- 
ate the origin of iron ores \. I. Kaurkovskii 
(Trudy Soveshchaniya po termografii, 1955, 
211-218) The possibility has been shown of 
using thermography, jointly with the study of 
other physico-chemical properties, to solve the 
problem of the origin of the iron ores. The 
physico-chemical characteristics of the oxida 
tion of the siderites has been explained, and a 
relation found between the brown iron ores 
and the time of their formation. The presence 
of recalescence on the thermograms of iron 
oxide hydrates has been established (under 
conditions of their formation by the oxidation 
of siderites), and a genetic connexion between 
the brown Lipetsk iron ores and siderites was 
shown experimentally. 

U.S.A. may resort to lean iron ore N. M. 
Apeland (Jernindustri, 1959, 40, June, 109 
111) The possibilities of developing the use of 
the Minnesota taconite deposits are discussed. 


ORES MINING AND TREATMENT 

The French Iron and Steel Industry Gree 
in the working of iron ore (Echo Mines, 1959 
Oct., 571) A brief summary with a table of the 
activities of 14 French Corp. in this field is 
given.—8.H.-8. 

A magmatized magnetite FP. Ljunggren 
(Geol. Féreningens Foérh., 1959, 81, (3), 543 
544) [In English] An examination is reported 
of the structure and composition of magnetites, 
found in partly melted gneiss blocks in the 
1ron-gnerss region of south western Sweden, in 
which magnetites have recrystallized into large 
phenocrysts. 

On recovery of nickel in laterite. 111. Study on 
utilisation of laterite K. Nagano (Tetsu to 
Hagane, 1959, 45, March, 175-177) Experi 
mental results on the effects of roasting temp., 
roasting time, and air roasting on the recov ery 
of Fe and Ni are shown graphically K.E.J 

The effect of the degree of reduction on the 
process of softening of iron ores J. Leitner, 
J. Vinaty, and J. Halousek (Huta. Listy, 1959, 
14, (8), 659-667) Various factors affecting the 
rate of softening of ores, and methods hitherto 
employed for measurements of 
characteristics are surve ved Equipment de 
signed by the authors, and results obtained 
from measurements of the degree of reduction 
and the corresponding degree of softening of 
Czechoslovak iron ores are described P.F. 

Investigation of the bulk-material handling 
in inland ore harbours and iron works % 
Béttcher (Stahl Eisen, 1959, 79, Oct. 29, 1530 
1540) A very thorough study of the require 
ments of modern bulk-material handling in 


softening 


ironworks and the like aiding planning of 
modernization of equipment rhe 
results of the investigation are presented in 
many graphs, tables, cal diagrams r.G 
Evaluation and allocation of the cost of 
handling in transfer at inland ore harbours 
P. Hainke and H. Setzer (Stahl Eisen, 1959, 
79, Oct. 29, 1541-1545) An analysis of the 


various factors involved making up the cost of 


existing 


transfer of iron ore in inland harbours with the 
aim of reducing this expenditure 

Tonnage and density control in the rem 
grinding circuit M. J. S. Bennett and J 
Wild (Can. Min. Met. Bull., 1959, 52, Ae . 
683-687) Two svstems used for ore milling 
control are described 

Pneumatic conveying solves taconite pro- 
cessing problems (fry. Min. J., 1959, 160, 
Oct., 92-94) The use of pneumatic systems for 
conveying taconite concentrates, two addi 
tives—bentonite and soda—and pulverized 
coal is described. 

Preparation of the French Minette W 
Jacobs (Stahl Eisen, 1959, 79, Nov. 12, 1742- 


lron and Steel Manufacture and Related Subjects 


PROTECTIVE COATINGS 

PROPERTIES AND TESTS 
METALLOGRAPHY 

CORROSION 

ANALYSIS 

INDUSTRIAL USES AND APPLICATIONS 
HiIsTORICAL 

ECONOMICS AND STATISTICS 


MISCELLANEOUS 


or are to be available as translations 


1744) The preparation of minette ore from 
French sources is reviewed and described and 
compared with similar techniques used in the 
preparation of the South-German Dogger ores 

‘he same principle—-magnetic intense-field 
separation— is also employed in the Salzgitter 
and the Ilsede district of Germany. Intense 
field magnetic separation yields a concentrate 
of 40-45% iron giving a sinter of 50%Fe and 
more, Although preparation is a costly process, 
A grate-kiln unit is installed for the heat treat 
ment of pellets. Projects include the pelletizing 
savings are expected—for various reasons—in 
smelting. —T.«G. 

Pilot plant finds 4! ways to process bulk 
materials (/ron Age, 1959, 184, Sept. 24, 118 
119) The Allis Chalmers pilot P lant deseribed 
contains equipment for the filtering and blend- 
ing of wet raw materials, handling of materials, 
the proportioning of additives and pelletizing 
of iron ores and phosphates and the production 
of lime A.G 

The preparation of iron ores in consideration 
of their mineral and petrographic composition 
W. K. Finn (Met. Ital., 1959, 51, Sept., 407 
417) The seven main types of iron ore, magne 
tite, hematite, limonite, siderite, iron chlorite, 
ilmenite, and pyrite and their presence in the 
various types of 
mentary, 
cussed 
of the other accompanying 
minerals is different and ore preparation is 
determined by it. A description is given of the 
dressing methods for various types of deposits 
illustrated by photomicrographs of selected 
ores and tlow sheets of ore dressing 


deposits of magmatic, sedi 
metamorphic origin are dis 
In each type of deposit the association 
iron with 


and 


ores 


plants 
increasing the output of Krivoi-Rog ores for 
the open hearth S. A. Zaikin and M. Kh 
lirnofeeva (Stal’, 1959, (11), 985-986) Trials 
with magnetic separators to produce 
trates for OH and 
reported 
results 
Fundamental study on the removal of 
arsenic in limonite during the ore beneficiation 
process. |. Effect of atmosphere on the removal 
of arsenic in limonite S. Sato ( Tetsu to Hagane, 
1959, 45, Aug., 783-788) Hokkaido limonite 
contains As as Fe AsO, 2H,0; 
removed by heating to 900°C in a weakly 
reducing atmosphere (CO 5%, CO, 15° 
N, 80 The 4 
from 17 mm lumps. The ore is reduced to 
magnetite (10 refs) K.E.J 
Elimination of arsenic and sulphur in iron 
ores by sintering A. A. Buylla (/nst. Hierro 
Acero, 1959, 12, April-June, 85-93) Pilot-scale 
trials on the sintering of high S and As iron 
ores showed that an average of 77-5°As was 
eliminated in the first trials and 85‘ y. in the 
second series, while about 80° S was removed 
Ore preparation. Official opening of new sinter 
plant at Stanton (/ron Steel, 1959, 32, Nov., 


concen 
blast-furnace uses are 


with estimate of possible economic 


this can be 


efficieney of removal is 97 
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513-515; Iron and Coal Trades Rev., 1959, 179, 
Oct. 16, 581-582; Gas World, 1959, 150, Oct. 
10, 366) An illustrated account of the construc- 
tion and operation of the Stanton plant which 
was Officially opened in October 1959. 

Automatic pH control in the concentrator of 
Noranda Mines Ltd Hi. L. Ames, J. M. Hem- 
stor k, W. Hrynewich, Bb. P. Wallace, and 
D. R. McKay (Can. Min. Met. Bull., 1959, §2, 
Nov., 680-683) 

Agglomeration of fine-grained material 
©, Rolfsen (Tidssk Kjemi Berqv. Met., 1959, 
19, Nov. 18, 163-168) A lescription a 
ment of pelletizing as a pre of fine 
particle materials r sintering, with an 
account of the use the Bed Permeability 
Unit in indicating operational conditions 
(15 refs) 

Pelletization of iron-ore concentrates and 
a partial reduction (:. I. Kontorovich, 

. A. Yarkho, L. A (Stal’, 
1988, 11), 966-968) Laboratory investigations 
indicate that reduction can be effected during 
thermal hardening of walletlond ore con- 
centrates. A degree of reduction of 60—-80° 
with 5-15°, residual carbon has been obtained 
with non-coking coals. These partially reduced 
pe llets are suitable for use in the electric steel 
furnace or in the blast-furnace. Great economy 

effected by the 


nd assess 


treatment 


Reitarovskaya 


in coking coal should be 
process 
Pilot plant installation for pellet es 
Bazilevich, 8S akaev, anc N 
Bavikovich (Stal’, 1959, (12), 1059-1063) rn 
plant for finely ground magnetite concentrates 
and pyrites residues is described. The concen 
tration and grinding plants are outlined and 
the conveyor and green pelletizers 
with design of hoppers and similar details are 
considered. An oil-fired heater is and 
temperature distribution is explored. Require 


systems 
used 


ments for full-scale plant are summarized. 
Electrical resistance and phase composition 
of ilmenite briquettes during reduction in roast- 
ing S. V. Shavrin, -. Sapozhnikova, and 
B. M. Lepinskikh (Trudy Inst. Metallurgii, 
1958, (4), 15-18) The original raw material 
consisted of ilmenite concentrates 
mixed with a calculated amount of petroleum 
coke and magnesite moistened with op »yhite 
liquor and briquetted under 180 kg/em 
sure 


Kusinsk 


* pres 
The electrical resistance 
to 1500 


was measured up 


ariations between 1 100° and 


1 300° are tabulated 

, ne point of ores ans agglomerates 

Poos and A. Decker (ie ni Vin., 1959, 
< Nov., 773-783 a review of the litera 
ture with the softening of 
agglomerates the apparatus and 
emploved at CNRM in Liége is 
Results obtained indicat 
are a useful s 


and its \ 


After 
dealing ores and 
technique 
described. 
that softening tests 
ntary 


ippleme eriterion of sinter 


quality A.G, 

Increasing the strength of fluxed sinter [). (: 
Khokhlov and Ya. A. Gyrdymov (Stal’, 1959, 
(11), 963 965) Self-fluxing sinter can only be 
made m of a large proportion of 
l quid phase which leads to brittleness and the 
impro 
rapid cooling must 
machine 
liquid fuel o1 
should be 

operation should 


with formati 


production of fines on 
lump siz 
I 


cooling. To 
and strength the 
be eliminated and ooding of the 
with arrangeme gs i burning 
Fines 


whole 


TAS 18 recommended 
and the 
be made automat 

Regarding the role of heat generation and 
ignition in the sintering process A. A. Sigoy 
Metallurg., 1959, (2), 13-25) The pro- 
portion of regenerated heat for the centre layer 
of the sinter charge amounts to about 63° of 
the total heat required for the process. The 
intensity of the firing must be dete d by 
the amount } ! n out by the burners 
to each m? of surface of the charge pa 
inder the ign w flames. In 
tluxed Krivorozhsk ore, the numerical value 
of the intensity of tiring 
and 13-5 LW keal/r 

On comparison of the sintering character- 
istics of several kinds of raw materials Y. 
Ishikawa (Tetau to Hagane, 1959, 45, March, 
210-212) Laboratory tests on cokes of various 
densities and moisture contents are reported; 
the results include CO/CO, ratios for chamotte« 
hematite mixes.K.E.J 


removed 


by scree ning 


(Chern 


rrr 


sintering non 


is between 11-5 108 
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Study of the sintering of some Spanish iron 
ores J. A. Boned Sopera (Inst. Hierro Acero, 
1959, 12, April-June, 136-162) An introduc- 
tory section (136-138) describes the 
the investigation, which is divided 
following sections: I 
proposed iron ore 
Physical properties of the iron 
Sierra Menera, Vivero, and carbonates of the 
Coto de Orconera (144-150); I1I—Sintering 
trials of the Sierra Menera ore (151-162 
Consideration on the size control of sintering 
materials Y. Shimomura (Tetsu to Hagane, 
1959, 45, March, 208-210) Particle size distri 
Bn the relationship between particle size 
and flow velocity in beds, and operating 
results for pan type machines are analysed 
Graphs are given from which output can be 
estimated from the tonnage and percentages 
of cinder, ore, llets, and bedding 
material K.E.J 
The mechanism of oxydised sintering of iron 
ores T. Ikeno (Tetsu to Hagane, 1959, 45, 
March, 179—I81) Briquettes of Fe,O, 
marked reduction in cross-sectional area with 
heating, beginning at 800°C and reaching the 
greatest reduction at 1200°C. The influence of 
coke content on the temp. in the sinter box is 
plotted for magnetite, hematite, chamotte, and 
} 


scope of 
into the 
Mineralogical study of 
deposits (139-144); 


ores of 


semil-pe 


show a 


og Ores.-K.} 

On the windbox temperature of the Dwight- 
Lioyd sintering machine I. Murakami (7 etsu 
to Hagane, 1959, 45, March, 206-208) Temp. 
distributions at the windboxes are te parce 
with reference to the 
the mix, and moisture content K J. 

Experimental results in the manatectere 4 
lime-containing sinter J. Holzhey and K.-t 
Arnold (Neue Hiitte, 1959, 4, Dec., 707 cas 
Experimental sintering trials were carried out 
with additions of from 3-6 to 25°, lime. The 
best quality of sinter was obtained with 15° 
limestone addition, iron production, and sinter 
quality falling off above 20 
addition. 

Experimental operation of self-fluxing sin- 
tered ore. 1. On the making of self-fluxing sinter 
S. Miyagawa ( Tetsu to Hagane, 1959, 45, March, 
202-203) K.E.J 

Study on self-fluxing sinter S. Wakayama 
(Tetsu to Hagane, 1959, 45, March, 198-199 
The effects of limestone on permeability, 
sinter sinter structure are des 
cribed, and results are discussed in terms of the 
SiO,-CaO-Al,O, phase diagram.—kK.E. 3 

Studies on the self-fluxing sinter made from 
magnetite ore A. Chida (Tetsu to Hagane, 1959, 
45, March, 203-205) Data are given for mocks we 
tion reducibility, structure, et« 
of limestone K.E.J. 

Caicium ferrite in _— ern sinter 5S 
Watanabe (Tetsu to Hagane, 1959, 45, a 
ae 202) X-Ray data for unde 

eduction are te er ea re 


f 


composition and size of 


limestone 


quality, and 


with 


t 
rates, 


Varving amounts 


calcium ferrite 
given, and 
given tor sinters c« 


strength data are yntaining 


and calcium ferrite x.u.2 
Pertecting the production of fluxed sinter 
with a basicity of 1:0 and study of its use in 
blast furnace operation \. G. Malinovskii and 
A. S. Babii (Stal’, 1959, (10), 888) A note from 
Enakievsk. Increase of basicity reduces sinter 
strand productivity but raises 


productivity 3:7 


favalite 


blast-furnace 


and reduces coke rate 


Determination of the influence of additions of 
fine dolomite to the mix on the sintering of 
fluxed sinter V. G. Malinovskii and A. 8S. Babii 
(Stal’, 1959, (10), 888) Addition of 2°,, dolomite 
duced sinter , by reduced 
permeability and impaired pelletization. 

Use of oxygen-enriched and preheated air for 
intensifying the sintering process V. ©. Malin- 
S. Babii (Stal’, 1959, (10), 888) A 
brief note on laboratory tests 

Magnetic characteristics of sinter as a func- 
tion of its ferrous oxide content N. A. Gladov, 
Z. I. Nekrasov, and V. \ Chekin (/zvest 
ikad. Nauk. Otdel. Tekhn., 1959, (2), 86-89) It 
is shown that magnetic me 
method of 


a) 


fines re ing rate by 20 


ovskiiand A 


asurements give a 
determination of FeO in 
sinter as accurate as chemical analysis. A tield 
strength of 500 Oe. is advantageous. 

On recent operation and some investigation 
in the sintering plane of Muroran iron works H. 
Narikawa (Tetsu to Hagane, 1959, 45, March, 


rapid 


May 1960 


214-217) The operating results include tenap., 
air vol., and leakage at each windbox, and air 
balance for the sintering process, size distribu- 
tion of the dust in the cooler waste gas, and a 
heat balance and temp. data for the cooler 
Absorption of sulphur from the gaseous phase 
by sponge iron (. A. Volovik (Chern. Metallurg., 
1959, (3), 13-19 Sponge iron is a great absorber 
of sulphur and this property increases with in 
temperature The carburization of tt 
iron has practically no influence on the absory 
tive property from the gaseous phase. With 
decrease in the sulphur concentration in the 
gas the amount of sulphur absorbe r 
with decreasing temperature 


creasing 


FUEL PREPARATION, 
PROPERTIES, AND USES 


A Siamese twin coal unloader 8. Kk. Stelitox 
(Iron Steel Eng., 1959, 36, Aug., 145-146, 148, 
151) 7 design for a power station unlos t 
welded girder construction is deseribed. 

The performance of the grid “ a hammer 
mill BK. V. Berezin (*Koks Khim., 1957, 

An investigation carried out on a co 
grinding plant is described. The part play 

the grid is evaluated and the efficiencies 
various sections of the grid are measurec 
related to feed rate and the I 
the hammers. Wear of hammers and grid ar 
related to the amount of fines produced 

A method of determination of heat of car- 
bonization A. Kijewska (Prace Inst. Hutr 
1959, 11, (4), 229-233) This is a practical 
method as it is applicable to every type of coa 
or to mixtures of several types. The heat is 
ealculated from the power consumed by the 
furnace while carbonizing a kn 
coal, 

The physico-chemical properties of the struc- 
tural constituents of coal. X. Autoxidation and 
chemical constitution ©. Kroger and H. Burger 
(* Brennstoff Chemie, 1959, 40, March 18, 76 
85) Trials fixed the maximum autoxidation 
conditions for dry coal at 150°C for three days 
and values for coalification reversal were 
obtained on macerals Ruhr vals 
Hydroxyl and carboxyl values were obtained, 
giving a picture of the autox 
and were interpreted in te 
present in the coals 

On methods for the determination of the 
refractive index of coal J. Kralik (Shornii 
Ostrava), 1959, 5, $4), 483-489 \ 
method for the determination of the refract 
index particles was developed 
Che prismatic and immersion methods are 
combined; the 
O-O0!1 


Laer 
51-55) 


osition relative 


wh weight of 


from 


idation process 
rms of the groups 


simpl 
1 ] . j 
ituizing coal 


vrains, measuring about 

observed in the liquid at a 

magnification oft 200-300 PF 
Physico-chemical nature of coking coal 
I. Kasatochkin, G. G. Petrov, Z 

kina, and Z. B. Pechkoy 

1959, 125, (4), 852-855 

tendency to clinker in y 

the comparatively large 

present which contrib 

that the output of heavy 

genetic 

reduced. 
Electrical resistance of coal and chromium 

ore and coal mixtures during the coking process 
\ t. Khvichina Izvestiy Ve 

Vet., 1959, (5), 41-44) Mater 

were: Tkvarcheii coal an 

of it with Cr ores with and \ 

binders. The ores were 

(the tines containing 50-4 

binder. The findings sh« 

develop electrical condu 

700° while 

appears earlier 

ductivity 

small extent 


“ases stepwise as is she 


svnthesis whiecl pr 


im sintering or 
200-600 
these 


even below 


exists in 


incre 
The scope of automation in n coking plants M 
Kaloé (Paliva, 1960, 40, (1), 
bilities of p lant automatior 
cussed on the basis of rec 
ticularly Soviet P 
Considerations of ‘the problem of coke in 
Spain F. Pintado Fe (Min. y Met., 1959 19, 
Feb., 97—114) A study of the f} 
ducing, in the future, from al, 
needed by the Spamish iron industr 


possibility 
native ce¢ 


l 
coke 





overing the period 1959-1962. Three graphs 
of production, consumption, and deticiences ot 
hard and soft coal to 1962 are given 

Report of a visit to the coke oven piants of 
the Paris region David (Centre Doc. Sidér 
Circ., 1959, 16, (5), 1077-1082) The use in 
France of natural the Lacq deposits 
and from refineries is compared with coke-oven 
gas production, and it is shown that these 
gional basis. A 


coke-oven positior 
| 


gas trom 


sources Operate Mainly on a re 
of the 


area, with some 


review is then given 
in the Paris 
products produced. 

The burning of coke H. Schenck, H. Esch 
and W. Langenbeck (Stahl Eisen, 1959, 78, 
Dec. 24, 1933-1938) In the burning process of 
coke only a thin zone, a few mm thick, 
ally involved in the reaction. The thickness of 
the zone is almost independent of the flow 
velocity of the air. The porosity of the coke 
i.e. in the interior— is not affected by the con 
bustion process. The resistance a 
pression or crushing imere 


etails of the by 
is actu 


fainst com 
ases during the cor 
bustion as a result of the elimination of pre 
tions. Crystal structure of the coke is l 
slightly affected by heat ev at prolonged 
exposures (28 refs). r.G 

On the burning of coke in the sintering test 
Y. Suzuki (Tetsu to Hagane, 1959, 45, July 
212-214) K.I 

Metallurgical coke a major problem in the 
or, S. Kawinski (P Techn., 195%, 80, 
(46), 5-7) The paper cor f 
a report by the United Nati 
on the above topic. 

Can fissuring of coke be forecast in the control 
laboratory? A. F. Boyer and J. Lah« vast 
(*Indust. Chin. Belge, 1954, 20, 29-32 ith 
Internat. Congress Ind. Chen 1954, Sept 
Mechanism is discussed and the use of di 
metry, resolidification temp., and a curvature 
test and their interpretations are described 

On the 7 of the quality of blast- 
furnace coke M. muiza (Hutn. Listy, 1959, 14, 
7), 565-569 ter d full aut mat n ot 
blast-furnace 


s8ts of a discussion ¢ 


ms Organizatior 


operation requires strict raw 
material quality control. This applies 
larly to Methods for 


quality are discussed, 


partic u- 
coke assessing col 
yg. determinations 
strength and reactivity. Fe 
mmplex methods of coke 
of the type likely to be 
future are outlined P.E 
The first decade of the coke-quality conven- 
tion, its impact on coke-oven and blast-furnace 
operation P. Dickens and W. Radmacher 
Stahl Eisen, 1960, 80, Feb. 4, 120-136) The 
‘oke convention between the coke produ 
and the iron industry was intended to raise the 
quality of ’ the coke for blast-furnaces. Certau 
laid down iation 
was expressed in the price of the 


operatior 


atures required nu 
quality assessment 


required in the near 


standards were and any dev 
from these 
coke. This convention has been in 
for the nd has led to a noticeable 
increas¢ the eg and in 
blast-furnace operatio r.G 
Recent work by 'the Marienau Station 
R. Loison (Rev. Mét., 1959, 56, July, 113-121) 
The work reviewed covers the eftect of var 
production quality and the 
development of new technique neluding pre 
heated charging. The sroperties , 


of fluidization coke are 


ten years a 


in coke turn to easier 


factors on cok 


tions « 


AIR POLLUTION AND SMOKE 
Gas and dust measurements I. Matous 
(Radex Runds., 1959, Oct 2 
dust measurements with the Pitot 
BEWAG probe are re ported 


and dist 
Grid measurements of 


chek 
, 665-672) Gas and 
tube ana 
ixsed 
gas velocity should be 
made when 
other sampling techniques is examined, and 
the advantages and drawbacks of the BEWAG 
eyclone are considered 

The pollution of air by dust from iron and 
steel plant L. Tarnowski (Hutnik, 1959, 26, 
(9), 337-342) The author discusses sources of 


air pollution in 


possible the relative err ot 


Upper Silesia. He goes on t« 
give ways to reduce this pollution 

Dust removal and dust precipitation of the 
brownish smoke evolved in steel making by 
— blowing K. Guthmann (Stahl Evsen, 
1959, 79, Nov. 12, 1744-1749) A review and 
summary of the meeting of the ‘Eisenhitte 
Osterreich’ held in September 1958 at Leoben 


describing the vari 
It is expected that, although dust removal is 
extremely costly, it may even be an economi 
proposition 


US processes In current use 


when 
generation. a 
The office for industrial dust control (Found- 

ries and steel works) and its significance I 

Stief , 1959, 5, No 

In future the Oftice is to be re 

control and ventilation in all 

ollaborate, 

and research, 


combining it with power 


Giessereitechni 


both as regards admi 
with the VVB Giesser 
Central Office for Silicos R 
and the Central Research kl 
ining at Kisleben oe & om 


eal 


titute 


TEMPERATURE 
AND CONTROL 

Study regarding the mn re . pyrometry 
in metallurgy A. Boite! 


Cire., 1958, (6), 1273-1293 Phe author d 


MEASUREMENT 


CUBE rit L488 
ts aims. Materia used im the 
ent and 
critically and typical applicatio: in metal 
lurgv are show R 
Properties of povestanie materials intended 
for measurement of temperature and their 
special uses in metallurgy . Plummet and 
Jaupain (Sd. Indust., 1959, 24, (16), 503-511 
A final revi with summary find 


fieation of temperature ont 


control of temy ire considered 


series ott 
tions of 
temy of 1200-1 
analytical table S.H 
etn, yy or gg > of liquid metals 
rtugaels (f d r 959, 29, Oct., 
254-243 The 
indicator ot te 
operation of fiy 
re a ther 


radi ion, 


TOO ¢ 


and photo-electric 


we and suneses M. W 


Steel, 1959, 32, Nc 58 


: discussed 

On the measurement of the temperatures of 
unenclosed objects by radiation methods \. | 
Emslie and H. H. Blau jun. (J. Eli 
Soc., 1959, 106, Oct., 877-880) A « 
of types of pyrometers wv ! | 
knowledge of th 
than 10 cannot 
attainal if ermmissi 

Continuous mensetemente of 
a in the ladle \l. Sa 

» Hagane, 1959, 45, -- reh, 249-251) Ce 


tterns in different urt 


liquid steel 
os 
»btained using a tl 

alumina mp attached t tl ( 

Bath temperature control in the electric arc 
furnace with the immersion pyrometer * 
SI nagawa H , 1959, 45, Maret 
244 The t 
nintenennebhe 
ve St ents 
larity of tap; 


bv the control s 


REFRACTORY MATERIALS 


Permeability and cohesion of silica- alumina 
refractories for blast furnaces |’. (: 

Silicates Ind., 1958, ™ = 83 
relation between perme tv as wv 
sion and therme 
from theoretical 
It is conch 


otier a 


il shoek re 
nad prac 
ided that perr 
good criterion for 
blast-furnace refract« 
ber of teat evecles ha 
12 refs K 
Uncaicined firebricks for the regenerator 
checkers of the O.H. furnaces Ff. Kant ih 
1959, (10), 474 480) J lave 
shown the possibility of using 
bricks of AO and BX qualit 
courses of the OH furna 
alumina, and chromite-magne 
rhis represents large saving 
Blocks speed furnace repairs (/ 
184, Oct. 1, 83) A hollow bli 
descr ibed, « 
bricks. The 


ement and are avails 


rtained 


Oqneupory, 


ach unit replacing 


blocks are 
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Trends in the development of refractories for 
basic open-hearth furnaces and other purposes 
V. Friedrich (Hutnik, 1959, 9, (8), 264-266 
Possibilities of the more extensi' of 
chrome—maygnesite type refractories, a 

rtain desirable im ‘ ent in the manu 
facture of high-gras asic bricks and ramm« 
n are reviewed, with special reference to 
condit I in the Czechosk ak steel u 


lini 
iustr’ 
Electric furnace refractories (. I. Cirigsby 
and W. F. Rappold (./. Met., 1959, 11, 
844-845 R i ! in mat 


efractor 


Preparation ot crucibles tor ~s . metals 

in the selar furnace F. Trombe and Foex 
ter In 22, N , 573-577) Th 

arateon of refract rucibl leseribe 


vith refer t} 


1G58, 


al castir otr t 

A study of the caniationtton processes in the 
CaO Al,O, SiO system with addition of 
10°.,.CaF.. N. A. Toroy und I. A. Bondar 
Jzvest. Akad. Nauk. Otdel. Khim., 1959, (9), 
1520-1525) The 


the } 


wdditior t 0 Cal 
undari¢ , he ) or tt 


erystallizatior 


f ada 
hquidus ter yi ‘ vy 100-120 

Non- destructive testing of the texture of 
refractory wr My Baudr 


Ind., 


IRON AND STEEL GENERAL 


Some aspects of the thermal industries in 
France (Chal. et Ind., 1959, 40, June). LL The 
carbonisation of solid fuels (145 151) A 
Trmmodern coking tallat I Ir thei 
onstructi and operation itt. Refractory 
materials and other constructional materials 
161-169 Frenet refractor < aret and 
techniques, tl properti f some refractor 
and tt rind 4trial application n France are 

i iv. “High- potential heating. Metal- 
lurgical haere treatments 170-182) So 
istrat a bor 

Objects and aims of the technical commission 
for general problems of metallurgy and — 
lography FK33 1. D i , 
1959, 25, ' 317-3 


(s ul 


ire de ribed and 


How to shenes the best metatiurgical reactor 
a —. viewpoint |. F. Skell 
, WE, , 841-843) The varie 

On the activities of the Verein Deutscher 
Eisenhittenleute K. Thomas tahl # 
1959, 79, Nov. 26, 17 cr 
th \ rein re “ 
| 


Queens Meeting of the Eisenntte s+ a 
= Prenkle Berg. Hii 
) 1, 104, Oct Nov., 199-20 


I | ye istria 

“The devetepment of the te Oster- 
reichische Eisen- und Stahiwerke A.G., Linz 
W Hitzir r serq Huttenmant V/ 
104, Oet , 208-212) This 


1ustr 1 


195%, 
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The review is mainly from the economic point 
of view, but mentions the impact of the LD 
»rocess on steelmaking.—T.G. 

The Italian iron and steel industry in the 
post-war period, and its future prospects (//S/, 
1960, 195, May, 16-25) [This issue]. 

Development and prospects of the iron and 
steel industry in Jugosiavia B. Djnkic (Echo 
Mines, 1959, Oct., 572) A short review, listing 
production and producers, existing and pros 
pective, and a table showing expansion during 
1947-1952-1955-1958.—-s.H.—s. 

iron and steel in Western Canada Eb. J. 
Jensen (Can. Min. Met. Bull., 1959, §2, Nov., 
728-732) A report on a symposium at Edmon- 
ton Sept. 8 9. 

The iron and steel industry in India G. R. 
Bashforth (Iron Coal Trades Rev., 1959, 179, 
Oct. 23, 639-645) A review with discussion of 
present and future projects and prospects of 
the newer direct processes. 

Nizhne-Tagil’ metaliurgists are struggling to 
complete the seven year plan ahead of schedule 
A. Zakharov (Stal’, 1959, (12), 1057-1058) 
Efforts to complete the coke and pig iron 
production planned by 1964 and the steel and 
rolled products by 1963 are briefly described. 

The scientific and technical conference of the 
metallurgical faculty of the Donets Industrial 
institute I. FE. Braining and A. I. Ivanov 
(lzvestiya VUZ—Chernaya Met., 1959, (5), 
149-152) A brief report of the proceedings and 
of the papers read. 


BLAST-FURNACE PRACTICE AND 
PRODUCTION OF PIG IRON 


Activity of the biast furnace committee and 
its sub committees G. Aubert (Rev. Mét., 1959, 
56, Oct., 257-263) Among subjects discussed 
between October 1957 and April 1959 were 
coke size, charge proparation and the applica- 
tion of test results on the low shaft furnace at 
Liége.-—Aa.G. 

Blowing in the first blast furnace of the 
Bilhai plant in India G. F. Mikhailevich and 
I. I. Sagaidak (Metallurg, 1959, (11), 3) The 
1033 m* blast-furnace built to Russian 
Gipromez design was blown in in India on 
3 February 1959. It operates on self-fluxing 
sinter. Details of raw materials, drying out, 
burdening, and furnace performance are given. 

The designing of large biast-furnaces Z. 
Punéocha? (Hutnik, 1959, 9, (11), 362-370) 
The principles underlying the choice of appro- 
priate dimensions in the design of blast-furn 
aces having a daily output of about 2500 t of 
pig iron is discussed, mainly with reference to 
Soviet practice and developments. — P.F. 

Automatic hard facing of the cone of the 
charging apparatus of blast-furnaces M. A. 
Tylkin, V. I. Sivak, M. A. Kropp, and I. F. 
Parfent’ev (Stal’, 1959, (12), 1140-1142) A 
machine for welding a 5 6 mm crack-free 
surface is described. 

Blast furnace tuyere blow pipe N.S. Reizov, 
L. Ya. Shparber, and V. M. Zudin (Stal’, 1959, 
(12), 1067) A note on an invention. Concentric 
pipes with an insulated gap between through 
which hot other materials can be 
blown into the furnace are used 

Experience in the construction and use of 
belt conveying of the charge into the biast- 
furnace skip V. M. Zudin, A. A. Ganich, and 
G. M_ Sokolovskii (Stal’, 1959, (10), 865-868) 
A description of a belt conveyor svstem for 
transporting sinter at 600-700°C to the furn 
ace. Faults appearing during operation are des 
cribed and alterations in the equipment for the 
second pai of furnaces are set out. 

Study of the material distribution in the 
charging process RK. Baake (Nene Hiitte, 1959, 
4, Aug., 461-477) The blast-furnace charging 
was simulated with a model under 
various conditions; the influence of furnace 
dimensions, order of charging burden constitu 
ents and burden sizing were investigated. 

Study of the distribution of materials at the 
blast furnace stock line Rk. Baake (Stal’, 1959, 
(10), 869-880) A scale model was used to 
investigate charging and ore, flux and coke 
reduced to (1/10) scale was charged through a 
bell system of transparent plastic. Illustrations 
of sections of charged heaps are shown. Influ- 
ences of charge premixing, stock-line 


gases or 


process 


size, 


level, and bell profiles are observed and dis- 
cussed and made the basis for recommenda- 
tions. 

Biast furnace blower powered by turbine (/ron 
Age, 1959, 184, Aug. 13, 50; Steel, 1959, 145, 
Aug. 31, 70, 73) A Westinghouse gas turbine is 
shortly to be installed at US Steel’s South 
Chicago works to power a blast-furnace blower 
supplying 125000 ft® of air/min at 35 psi. It 
operates on blast-furnace gas of 90 B.Th.U/ft’, 
enriched with distillate oil when necessary. 
Operating features and advantages are des- 
cribed.—a.a. 

Research on the movement of solid materials 
in the blast-furnace hearth: biast-furnace auto- 
mation, and skip hoists cable performance V. F. 
Agapov (Stal’, 1959, (10), 888) Notes from 
Magnitogorsk. 

Automatic measurement and control of the 
mass rate of flow of blast-furnace biast M. Ya. 
Sherman (Stal’, 1959, (12), 1064-1067) A flow- 
meter system with automatic correction for 
temp. change and for pressure and humidity 
which is being used experimentally on furnaces 
and on a turbo-blower is described. Errors in 
readings of conventional meters are reviewed 
and the design and calculations for the present 
installation are shown. The humidity is suffi- 
ciently predictable to be set manually accord- 
ing to the season. 

Mechanization of the production of biast- 
furnace air heaters B. F. Lebedev (Avtom. 
Svarka, 1959, (8), 90-91) The body of the air 
heater is made up of a few sheets, manually 
welded together. Two welding machines are 
now described able to weld these sheets. The 
cylindrical bodies are rotated by a motor at a 
speed to correspond with the welding opera- 
tion. 

The metallurgical power combine (Aciers 
Fins Spéc., 1959, 33, Dec., 10-14) The paper 
gives an historical survey of blast-furnace gases 
and discusses their present uses, particularly 
the conversion to electrical energy.—R.P. 

Blast furnace design and practice. Some 
modern trends G. R. Bashforth (Jron Steel. 
1959, 32, 473-478, 493) The relation of coke 
rate to hearth diameter, and the blast-furnace 
profile in relation to the types of raw material 
employed are discussed, and modern practice 
in proportion of direct to indirect reduction, 
raw material preparation, the use of high top 
pressures, humidified blast, oxygen enrich 
ment of the blast, and pre-refining of hot metal 
are outlined. The smelting of aluminium ores 
is considered. 

Method of calculating the gun required for 
ramming the taphole in blast furnaces N. 8S. 
Shchirenko and A. V. Trushin (Vestnik 
Mashin, 1959, (6), 32-36) Theoretical data for 
calculating the characteristics of the gun, for 
example, the pressure on the mass for the tap 
hole, the power of the mechanism activating 
the piston, and the forces acting on the mech 
anisms of the gun 

Design of the shape and of the charging 
equipment of blast furnaces H. T. Brandi, P. 
Ischebeck, and G. Heynert (Stahl Eisen, 80, 
1, 65-73) The authors review the funda 
mentals of blast-furnace design with particular 
reference to the profile of the stack. The lining 
and its wear ts discussed and this is followed by 
a survey of the various ways of charging the 
burden. —T.G 

Studies on the consumption of carbon and 
heat in a biast furnace. 1. Carbon and heat con- 
sumption in a biast furnace. 11. Application of 
results derived from carbon and heat consump- 
tion in blast furnace operation J. Sawamura 
(Tetsu to Hagane, 1959, 45, March, 194-196; 
196-197) L. Details are given of the methods of 
caleulating and heat balances. IT. 
Methods of calculating heat consumptions of 
various types of burden are given, and the 
effects of several parameters such as slag ratio 
and CO CO, ratio on coke rate are shown. 

The agglomeration of wood charcoal fines 
L. de Oliveira, R. V. Garcia, and F. S. Collet 
(Bol. ABM, 1959, 15, Oct., 689-706) {In 
Portuguese} Large quantities of charcoal fines 
will be accumulating at Monlevade when the 
plant is fully operative and the possibility of 
briquetting them for use in the blast furnace 
has been investigated. Systematic tests of the 
effects in variations in the composition of the 


Jan 


earbon 
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mix, temperature, and pressure of moulding 
and temperature of drying and distillation are 
reported. It is shown that briquettes suitable 
for blast-furnace charging can be produced 
economically if the bonding agent is produced 
by the partial distillation of wood tar.—P.s. 

Preparation of charges on the charging plat- 
form (J. d’Inf. Tech. Indus. Fonderie, 1958, 
(96), May, 5-8) An installation is described 
which enables preparation of the cupola charge 
to be effected by one operator on the charging 
platform. 

Smelting pig iron with reduced manganese 
content V. G. Malinovskii and A. S. Babi 
(Stal’, 1959, (10), 888) Savings were shown by 
a reduction of the Mn from 2-2 to 1:4%. 

On hanging in the blast furnace caused by 
flooding K. Ono (Tetsu to Hagane, 1959, 45, 
March, 186-187) An analysis 1s made of para- 
meters affecting flooding and of pressure and 
temp. distributions in the furnace in condi- 
tions of hanging and normal operation. 

Air distribution to the biast furnace tuyeres 
A. Shigemi (Tetsu to Hagane, 1959, 45, March, 
187-189) Blast distributions found from Pitot 
tube measurements are plotted.—kK.E.J. 

Measurement of travelling time of biast 
furnace burden with cobalt-60 A. Tominaga, 
T. Yatsuzuka, S. Shono, and J. Sawamura 
(Tetsu to Hagane, 1959, 45, July, 689-694) 
Tracer experiments on two furnaces show that 
the transit time of the burden is largely 
affected by the blast vol. and the vol. of one 
charge (i.e. the vol. of sinter). Tracers inserted 
through the taphole tuyere appeared in the 
iron after 15 min. but took longer from the 
opposite tuyere.—K.E.J. 

On the oxygen-enriched blast operation of 
Higashida No.5 blast furnace T. Yamamoto 
(Tetsu to Hagane, 1959, 45, March, 181-183) 
Full operating details are given, showing a 
reduction in coke rate and increase in produc- 
tion with 23-6°,0, in the blast. The mean 
raceway dia. is reduced.— K.E.J. 

Experimental operation with self-fluxing 
sintered ore. ti. On blast furnace operation 
M. Inoue (Tetsu to Hagane, 1959, 45, March, 
189-192) Full operating data are given, includ 
ing ore sizes, coke quality, and carbon balan- 
ces. Improvements in production and fuel 
economy are shown with increase of limestone 
in the sinter to 10%, and with increased sinter 
usage up to 100% of the burden.— k.E.J. 

Sinter performance characteristics: a labora- 
tory evaluation A. M. Schwartz and M. O 
Holowaty (J. Met., 1959, 11, Nov., 752-754) A 
laboratory scale high-temperature ‘blast 
column’ developed by Inland Steel Co., 
Chicago to simulate performance character 
istics of sinter in the blast-furnace is described, 
and results obtained are discussed. It is con 
cluded that the performance of various types 
of sinter in the blast-furnace can be success 
fully predicted with this equipment. 

A study on the reaction of ore reduction in 
the blast furnace K. Wakabayashi (7'etsu to 
Hagane, 1959, 45, March 183-185) Heat 
balances are given, and relationships shown 
between (a) direct reduction, indirect reduc 
tion, and coke ratio, and (b) amount of direct 
reduction and ore/coke ratio.— K.E.J 

Measurement of the wear of a biast furnace 
brick work with a radioactive isotope S. Shono 
(Tetsu to Hagane, 1959, 45, March, 192-194) 
Details are given of the °C nstalled 
in the brickwork of a furnace for measurement 
of refractory wear.—K.FE..J. 

A study of the relation between the tempera- 
ture of the blast and the distribution of the 
temperature along the height of the biast furn- 
ace I. F. Koval’ (Jzvest. VUZ. Chernaya Met., 
1959, (5), 19-28) Experiments have established 
uneven temp. changes of the gases throughout 
the height with the greatest fall in temp. in the 
lower part of the furnace (hearth and lower 
part of the burden). In zones II and III 
occupying about 0-4 of the height of the burden 
the temp. fluctuates between 700—-850°. The 
fall in temp. is here only 50-120°. In zone LILI 
extending to the top level of the burden, the 
temp. drop is also sharp although slightly less 
than in the lower part. On increasing the blast 
temperature the fall in the upper part is 
reduced, the burden cools and the lower sec- 
tion becomes hotter. 
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ant reaction kinetics of the processes occur- 
- in the blast furnace G. Heynert and J. 
lems (*Stahl Eisen, 1959, 79, Oct. 29, 1545 
bs Based on the work of E. Wicke and 
K. Hedden the authors applied the results 
obtained on the combustion and gasification 
of coal and coke and on the reaction of lime 
stone with coke to the reaction kinetics of the 
processes taking place in the blast-furnace in 
order to clarify the reactions between ascend 
ing gases with the descending burden. The 
aim was to consider what action should be 
taken to improve the gasification of the coke in 
the blast-furnace. It is proposed to increase 
the reactivity of the coke, to improve the even 
distribution of burden and coke, and to en- 
large the oxidation zone (20 refs).—T.G. 

Influence of atmospheres on desulphurization 
of molten iron by solid lime Y. Ono (Tetsu to 
Hagane, 1959, 45, March, 219-220) Data are 
given for atm of CO, CO+CO,, A, and 
A+CO,. Rate constants are te for atm of 
A, CO, and town’s gas.— K.E. 

Equilibrium of carbon and oT: in liquid 
iron and the influence on them Ser silicon 
contents H. Schenck and K Gerdom 
(Arch. Eisenh., 1959, 30, pag Rs 460) The 
equilibrium relationships between C and O in 
liquid iron solutions in the presence of Si have 
been re-determined, with the aim of establish 
ing the true equilibrium constants. Equilibrium 
diagrams of the reactions have been redrawn 
(36 refs). 

The reaction equilibria of manganese and 
silicon between carbon-saturated iron melts and 
lime-silica slags at 1450 to 1550°C H. Schenck 
and F. Neumann (Arch. Eisenh., 1959, 30, 
Dec., 705-711) Melts were made at 1450, 
1500, and 1550°C, and the results showed that 
the distribution of Mn between the C-saturated 
iron and the slag phase was influenced by the 
Si content, but was affected very little by 
temp. in the range examined. It is concluded 
that the effect of increased Si content is 
attributable not to a reduced O, activity, but 
to an alteration of Mn activity (19 refs). 

Kinetics of pig iron desulphurization and the 
influence of slag basicity and viscosity b. 
Mazanek and R. Benesch (Hutnik, 1959, 26, 
ql0), 384-394) Energy in cals/mol of transfer 
of sulphur from the bath into the slag is twice 
that for the reverse and depends 
largely on the basicity and viscosity of the 
slag. The optimum basicity is 1-0-0-2. The 
authors did not consider the effect of Mn. 

Equilibrium between iron and lime-contain- 
ang — slags G. Trémel and H. W 
Fritze (*Arch. Eisenhiit., 1959, 30, Aug., 461 

72) Experiments are described in which Fe 
was melted under slags of the system FeO, 
P,¢ » CaO at 1550, 1600, 1650, and 1 700° C in 
erucibles of tricalcium phosphate or of lime 
and tetracalcium phosphate. Compositions of 
the melts are tabulated, and the influence of 
temperature on the system FeO, P,O;-CaO 
and on the position of the miscibility gaps 
Fe Fe,O P,0,.-CaQO is observed. The P and 
4) contents of the iron in equilibrium with 
various slags of the systern FeO,-CaO- P,Os, 
and the composition of the iron at 1600 under 
these slags are examined 

Studies of the phosphorus oxygen equili- 
brium in liquid iron M. G. Frohberg (Stahl 
Eisen, 1959, 79, Oct. 29, 1663-1665) The author 
reviews published information on methods for 
production of iron and steel of low P content 
and the studies carried out to elucidate the 
equilibrium conditions, Dephosphorization of 
the iron is carried out by oxidation of the 
phosphorus and by compound formation with 
the reaction products. On the other hand, the 
P may also be regarded as a deoxidation 
reagent (12 refs). r.G. 

Concerning measures to reduce the phos- 
phorus content in pig iron and steel N. A. 
Shriro (Cher. Metallurq., 1959, (4), 145-150) 
It is shown that the statistical relation between 
the phosphorus content in steel and the con 
sumption coefficients in rolling mills represents 
in reality, a relation between consumption 
coefficients and the amount of H, in the steel. 
Any increase in the P content brings about an 
increase in the H, content, and a deterioration 
in the ductile properties with an increase in P 
is obviously caused by the joint influence of 


P and Hg. 


I srocess 


Reducing reactions between molten slags 
containing titanium oxide and pig iron K. Mori 
(Tetsu to Hagane, 1959, 45, March, 217-219) 

A consideration on the equilibrium between 
sulphur in molten iron and gaseous sulphur, 
and sulphur dioxide Z. Morita ( Tetsu to Hagane, 
1959, 45, March, 221-224).—k.£.4 

The morphology of carbon fibres T. Nemet 
schek (Arch. Eisenh., 1959, 30, Sept., 519-522) 
Carbon fibres separated in the blast furnace 
shaft were examined under the electron micro 
scope. Their structure can be explained as a 
decomposition product of the K compound, 
and concentric graphite shells are visible in the 
electron micrograph. 

Cost accounting relations between sinter 
plant and blast furnaces A. 1. Kissin and D. A 
Kissin (Metallurg, 1959, (11), 8) The Fe, CaO, 
and Mn content of sinter varies within limits 
permitted by works practice. In order to 
rationalize the costs between sinter plant and 
blast-furnace for sinter which deviates from 
the planned Fe and CaO content, a scale of 
reductions (allowance) and additional pay 
ments was developed based on the following 
conditions: (1) unlike the variation in the Fe 
eontent which is planned for a constant am- 
ount of limestone and other charge compon 
ents, the variation in the Fe content of the 
sinter is not connected with the variation in 
the accepted standards of raw material con- 
sumption and can be calculated only in rela 
tion to the variation in the Fe content of the 
ore for sintering; (2) the change in the CaO 
content of the sinter is connected with the 
change in the amount of limestone in the 
charge, which must be compensated for by a 
quantity of ore for sintering. The quantity of 
remaining charge components will remain as 
before. The CaO content of the sinter may vary 
also with a variation in the consumption of 
lime. However, since the consumption of lime 
is insignificant (15-20 kg/t of sinter), the CaO 
content of the sinter can only be adjusted 
according to the limestone; (3) it was accepted 
that an addition of 20 kg of limestone to the 
charge will produce a 1% increase in the CaO 
content of the sinter. A table is given, showing 
the calculation of mixture costs for different 
contents of Fe and CaO in the sinter.—R.s. 

Research carried out on the Liége low-shaft 
blast furnace E. Bonnaure (Rev. Mét., 1959, 56, 
Aug.—Sept., 141-154) The principal character- 
istics of the furnace are described, and the 
results of research carried out during 1958 are 
given. These include: operation with 100°, raw 
ore and with 100°, self-fluxing sinter; the 
effect of back-pressure, and movement and 
size grading of the burden; fuel injection 
through the tuyeres and the use of O, enrich- 
ment. i 

Krupp-Renn expansion I. W. Starratt (J 
Met., 1959, o%, Dee., 830-833) A desc ription is 
given of the new Krupp-Renn plants going 
into operation at Essen-Borbeck Salz 
gitter-Watenstedt 

Study on the reduction of iron sand by double 
fluidized beds M. Tanaka (Tetsu to Hagane, 
1959, 45, March, 177—179).—-xK.B.3 

New processes of extracting iron from the ore 
and Rumanian researches in this domain |’ 
Dumitraseu and M. Ispas (Studii Si Cercet, Met 
1959, (3), 441-461) A review of the 
methods of obtaining the iron in the 
state, and the improvements being 
such as preparation of ores, 
and blast pressure, increasing the 
the blast furnace, O, enrichment, replacing a 
proportion of coke by fuel oil, etc., and also 
extracting the iron in a viscous state, the Renn 
furnace and rotary long tubular furnace et« 
and extracting in the solid state by a reduction 
process with coal, reducing gases (CO, Hg, 
CH,, or mixtures), the Mexican process, Fin 
sider—Scortecci methods, ete 
Rumanian 
trials. 

Electrical conductivity of oxidised slags 
A. Adachi and K. Ogino (Nippon Kinzoku, 
1958, 22, Dec., 660-663) Data are given for the 
increase of sp. conductance of Fe,0,— aQ-SiO, 
and Fe,O0,-CaO slags with Fe,0, content and 
temp. Conductance is mainly ionic 
show a sudden decrease in sp. 
below the solidification temp. 
K.E.J. 
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PROPERTIES, TREATMENT AND 
USE OF SLAGS 


Foaming metallurgical slags K. Zoiberlikh, 
I. Gyunter, and Kokh (Stal’, 1959, (10), 
880-887) The use of blast-furnace slags to pro- 
duce porous building blocks, the properties of 
the products, and also use of ferro-alloy slags 
are described. 

On the theory of metallurgical slags N. M. 
Chuiko (/zvestiya VUZ Chernaya Met., 1959, 
(5), 3-10) A theoretical analysis of the prob 
lem which shows that neither the molecular 
nor the ionic theory of slags explains the 
distribution of components between metal and 
slag without using the activity coefficients 
since neither theory explains the real structure 
of slags with various chemical bonds ionic, 
covalent, and mixed, The article explains a 
method for calculating the active components 
in slags. 

Mineralogical composition of conversion 
vanadium slags with high phosphorus content 

V. Rudneva (Chern. Metallurg., 1959, (2), 
7-12) Findings show that practically the 
entire amount of P present in the slags is pres 
ent in the form of the complex anion PO*~, in 
the composition of the solid solution of oxy 
phosphate knebelite. The crystal chemical 
origin of this compound explains the inverse 
relation of SiO, and P content in the conversion 
vanadium slags. A decrease in the silica con 
tent in the slags, which would correspond to an 
increase in P,O,, creates favourable conditions 
for complete elimination of the spinellide phase 
containing practically all the V 

Petrographic analysis of the converter slags 
of oxygen top-biown O.H. pig iron |. | 
Karyakin and E. V. Ivanov (Ogneupory, 
1959, (10), 455-462) It has been found that 
converter slags forming in the first few min of 
the melt are complex silicates containing a 
large amount of Fe, Mn, and Ca oxides, which 
have low viscosity above 1420°. On solidifica 
tion Mn-Fe monticellite forms with low m.p 
(1500°) and high rate of crystallization. The 
refractories in the melting zone in contact with 
the mobile chemically active slag 
saturated with molten Mn-—Fe silicates. The 
removal of the oxidizing slag of the first period 
of blow slightly 
lining. 


The activity of calcium oxide in slags in the 
systems CaO MgO 8i0,, CaO Al,O, Si0,, and 
CaO MgO Al,0O, SiO, at 1500 ¢ M. R 
Kalyanram, T. G. Macfarlane, and H. B. Bell 
(JIST, 1960, 195, May, 57-64) [This issue 

Theory of equilibrium of molten steel slag. 
il. Equilibrium of molten silicate systems 
Yoshida (Nippon Kinzoku, 1958, 22, Dec., 
656-660) The immiscibility of the binary sili 
cate systems is explained theoretically The 
model is the splitting of Si-O-Si 
according to MO Si-O-Si->S1-O* 
An expression for the Gibbs’ free 
system is deduced K.E.J. 


Using electrocapillary streaming to reduce 
losses of ferrous alloys in slags V. V. Khiynov 
and ©. A. Esin (Jzvest. VUZ. Chernaya Met., 
1959, (7), 3-11) The electro-capillary 
ing of liquid drops of Fe-Mo and F* 
metal sulphides (Ag ete in 
slags has been demonstrated. It was 
that for dimensions r~— 0-075 em the sy 
horizontal motion may be 
simple the 


become 


increases the service life of 


‘ haina, 
MO*-Si 
ry of the 


energ 


stream- 
Cr and 


also of molten 


calculat« 
oretical formula. [t is directly 
portional to the pressure gradient, to 
radius and charge of the droplet and inversely 
proportional to the viscosity of the slag. The 
massive settling of large Fe-Cr droplets is more 
with the passage of an electric 
current. A rise in temp. reducing the viscosity 
of the slag is also an important factor. 

On the problem of the deposition of ferro- 
titanium beads Yu. L. Pliner (Trudy Inet 
Metallurg, 1958, (4), 123-126) The metal 
beads remaining in the slags of alumino 
thermic melts distribut« 
across the 
Zones 


intensive 


themselves unequally 
forming three characteristic 
from one another by the 
amount and sizes of the beads. An increase in 
the proportion of Fe-Ti in the ingot may be 
Bec Am od by heating the bottom of the hearth to 
400—450° giving an increase in the basic weight 
of the melt of 5‘ 


slag, 
differeng 
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lonic model of the moiten iron-containing 
silicate and the activity coefficient of iron in 
liquid slags S. E. Vaisburd and VY. L. Kheifets 
Izvest. VU Z. Chernaya Met., 1959, (5), 11-18) 
rhe article reports on the experimental find 
ings, establishing a relation between the 
activity coefficient of iron and the basicity in 
— FeO, Fe 20,, CaO, 


slags containing : 
MgO, SiQ,, and this relation is explained by 


the ionic structure of liquid slags. 


PRODUCTION OF WROUGHT IRON 


Using Cherepovetsk cast iron for the pro- 
duction of wrought iron M. I. Shiykov and 
R. A. Kukina (Lit. Proizv., 1959, (5), 40-41 
The cast iron is melted in a cupola of 550 mm 
diameter with two rows of tuyeres, with a stack 
1400 mm 140 kg 
and of fuel 25 kg and a pressure of the blast of 
150 mm water gauge at a rate of 100 m5/m? 
min. The properties of the iron are 
improved, 


high and a metal charge of 


plastic 


PRODUCTION OF STEEL 


Iron balance in oxygen gry A. Ono 
Tetsu to Hagane, 1959, 45, March, 232-233) 
Data are given for variations of pig ratio and 
ingot vield with oxygen consumption, ore con- 
sumption with ingot yield, and slag weight and 
composition with consumption. An 
t oxygen consumption 


oxvgen 
iron balance for 30 m® 


given K.E.J. 


The snags of oxygen in the development of 
metallurgy J. Aniola (Hutnik, Prague, 1959, 
9, (8), 258 263) Theoretical and economic 
aspects of the utilization of oxygen of indus- 
trial purity in the production of iron and steel 
ire discussed on the papers, 
to developments and 
Nese efficiency of use of oxygen 
is considerably gher in “0 production of 
shat them ieabenol oan P 

The present state of the cunely of oxygen 
R. Wolf (Schweissen Schneiden, 1959, 11, Sept., 
364—368) The various methods of upplying O, 
from the producer to the consumer are re 
viewed. Pipe lines, pressure vessels, and tanks, 
the latter for transport of liquid oxygen, are 
described 

Forge and steelworks of the Orerdiiee ee 
and Co. Ltd (Aciers Fins Spéc., 1959, 33, Dec., 
%6-97) The history of the Bedel Company is 
summarized and the layout of the 
given. The 
steels, operating _ 
producer gas. R 

The reaction between molten steel and re- 
fractories. Il. Corrosion of the Al,C, _ 
refractories by molten steel S. Minow 
Kato, and C. Noguchi Rep. Gov. Ind. Rong 
Inst., 1959, 8, June, 394-399) 
between 0-17°,C, 0°34°. Si, 0-48°° Mn 
40:60, and 70:30 Al,O, Sif , 

ere studied. When the st is 
60-70 SiO~7 in a crucibl 


basis of recent 
with particular reference 
views in Poland 


works is 
specialize in high-speed 
crucible process fired with 


company 


Leaction 
steel and 
refractories 
steel was melted with 
, reduced silicon from 
the crucible was not found. Corrosion increased 
vith contact time and decreased with the 
A],O, content of the crucible. Th 
f metal and refractory 

ntent 


1:70 


separation 
varies with the FeO 
in the slag (11 refs K.E.J 
iron from eee region ores used for 
stestmating \. I. Pastukhov and M. A. Tret 
Vakoy tal’, 1959, (12), 1068-1071) The ores 
es containing V and are low 
a bottom-blow: onverter a 
V prod »btained 
i of air, by top-blowing with O,., 
1 product for the production of high-grad 
by duplexing is al » formed. The course 
reaction is followed and a slag 
iS \ OO. 18 
vhich is expected to rise to 85‘ 
The end of basic Bessemer —?—-% J 
Marot and J. Harveng (Rev. Mét., 1959, 56, 
211-220 ~ the results of tests, a 
sion equation established for the 
iables affecting the P content of the ath at 
end of the operation. For the rapid solution 
this equation an 


been built and te 


ition 1s ¢ 


with 


obtained with a 


recovery 


analogue com r has 


sted in practice. The 
said to have been 


resultant 
equal to a better 
oxidized 


heats are 
than normal operation 


batl A. 


| 1 
with a less 


Journal of The Iron and Steel Institute 


Measurement and recording of the bath 
temperature in the basic Bessemer converter by 
sighting through the nose: Application to the 
study of the basic ge eel J. Galey, L. 
Beaujard, P pr Tordeux, P. Villette, 
and J. Foulard (Rev. wa 1959, 56, July, 69 
99) The apparatus based on radiation in the 
near infra-red is described, together with a 
comparison of results with those of a thermo 
eouple. Practical tests have revealed charac- 
teristic points on the temperature curve which 
are related to the final temperature. A theo 
retical justification of this relationship is given 
and a hypothesis is advanced to account for 
the progress of basic conversion, supported by 
a metallographic and 
vestigation. AG. 

A study on the dephosphorization reaction in 
an oxygen converter. On the behaviour of 
phosphorus during the blow 2. Homma (Tetsu 
to Hagane, 1959, 45, March, 245-247).—-«.E.J. 

Overheating cupola pig iron in small con- 
verters I. N. San’kov and E. M. Venevskii 

Lit. Proizn., 1959, (4), 38) To avoid 
heating in the conversion of Mn-containing 
pig iron at the Lugansk Machine Construc 
tion Works in a 2-1 t converter the conver 
sion iron was poured in at temperatures be 
tween 1280-1320°; 60-120 kg of 45°,Fe-Si 
was added during the 
tinued for 20-25 min 


physico-chemical in- 


over- 


blowing which was con- 

with much sputtering 
The duration of blowing was later reduced to 
10-12 min. and the steel in the converter was 
deoxidized in the converter with 12 kg/t of 
Fe-Si type Si45 and 14 kg/t Fe-Mn. Final 
deoxidation with Al in the ladle was carried 
out. 

The Gazal process and desulphurisation of 
basic Bessemer iron P. Zehringer (.Wét. Corr. 
Ind., 1958, 33, July—Aug., 293-304) The origin 
and influence of sulphur on steel is reviewed. 
Various methods of desulphurizati 
from the theoretical and practical 
points of view, with particular emphasis on the 
Gazal process. The effects of several v 
are given.—R.P 

The laws controlling the final phase of the 
refining process in the bottom-blowing con- 
verter L. von Bogdandy and F. Weber (Stahl 
Eisen, 1960, 80, Jan. 21, 73-79) The results of 
an investigation on a 20-t converter with 
respect to the relation between P and Mn 
oxidation, oxvgen levels in the steel 
contents in the slag 
oxvgen-enriched blast 
reducing the ultimate 
ported T.G 

Ore-lime briquets used in the treatment of 
high-phosphorus pig iron in converter with side 
oxygen blowing V. (:. Fedorovich and 8S. F. 
Karp (Izvest. VU Z. Chernaya Met., 1959, (7), 
35-39) The tests described show the 
bility of shifting the process of dephos 
ing the metal toward the 
melting period by blowing oxygen into high 
phosphorus pig iron in the converter and by 
replacing the lime additions by briquettes of a 
mixture of ore and limestone. The 
conditions for this 
out. 

Study on a permanent-wali-type furnace 
with compulsory cooling. II. Operation of the 
water-cooled converter. I. R. Sato and 
Tabata (Tetsu to Hagane, 1959, 45, July, 699 
705) Studies were made on a 50-kg side blown 
converter with water-cooled tuyere 
jackets. Low-carbon, high-quality 
made from various irons by oxy 


m are dis 
cussed 


ariables 


and tron 
during blowing with 
are presented. Means of 


oxvgen level are re- 


possi 
phoriz 
initial staves of the 


optimur 


process have been worked 


and 
steel was 
gen blowing 
Practice resembled that of a normal converter, 
but with and longer life. The 
of pe refractory layer 


thickness 
obtained 


less slag 
rmanent was 
5-10 mm K. 

The production of steel from high-phosphor- 
us-bearing pig iron by simultaneous blowing of 
oxygen and lime dust on to the surface of the 
bath P. Metz, A. Decker, and J. Nepper (*Stahl 
Eisen, 1960, 80, Jan. 7, 20-27) The fundament 
als of the O, revie 
the prese nt 
of O, and lime 
eribed in detail 


this process 


wed and 
method of simultaneous blowing 
dust on to the 
Experience gained in using 
showed that; asin the OH process, 
the ultimate O, content of the 
mined by the carbon content. 
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tion depends on temperature, basi 
iron content of the slag r.G 

The Bessemer shop at the Krivoi Rog plant 
S. G. Afanas’ev and G Kozin (Metallurg 
1959, (11-14) The converter plant 
Krivoi Rog steelworks is equipped for purrs 
oxygen top-blowing of hot metal through 
special water-cooled lance. After the hot me 
addition, ore and lime charg 
ore consumption is 4-5%, the lime 8 4 
bauxite 0-8-1‘ A taphole is fitted besid 
mouth of the converter for tapping 
metal, while the slag is drawn off thr 
converter mouth. Details « 
tion and fume hood cooling are 
entire integration and control system low 
ng oxygen and supplying water is fitted wit! 
recording instruments which indicate and 
ignal any decrease in oxygen capacity or water 
pressure, One of the converters is fitted with a 
waste heat boiler trostat pre 
e1pitator R.S8. 

A contribution to the matetinngy of the LD 
process I). Pléckinger and M. Wahlster (By 
Hiittenmann. Monatsh., 1959, 104, Oct.-Nov., 

The si larity of the OH and LD 
Is pon out gg tresst 
that the LD process avoids shc 
other pro 
from the flame in the OH process 
nitrogen pick-up in the basi Besse 
verter. In principle howe r, there i 
ence from the metallurgical poin 
between the OH and LD processes I 

Theoretical basis, description and results of 
operation of me LD-steelmaking plant at 
Monlevade H. Mevers and H 
1BM, 1959, 15, Oct., 587-625) [In Portugues 
rhe great importance of the LD process ts d 
and the theory underlving it 
plained. A description of the plant 
levade follows and includes details of 
It became operational in Oct. 1957, : 
ially of two 30-t basic co 
700-t mixer. The iron leaves 
at about 1220 °C and a compositior 
0-2-0-8°°Si, 0°2-0-6°9.Mn, 0-15—-0-2 

0-03°. 8S. Details of production pr 
d steel quality are g 
an LD run at Mon! 4 
set out in an appendix (40 refs P.S 

A study on the dephosphorisation equilibrium 
in an LD converter. (Application of Schenck’s 
equilibrium formula and Herasymenko’s ionic 
method) i. Maeda, K. Tajima, and E. Homma 
(Tetsu to Hagane, 1959, 45, July, 694 699 
Therm data from a: ntal 
converter 
enko’s formula for OH pr 
that the dephosphorization did not 
to equilibrium than in OH furnace 

Flow in the spherical top-blowing converter 
H. Hashimoto (Tetsu to He , 1959, 4, 
March, 248-249) The changes matter 
caused by var in jet flow, conf 
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Economising scrap 
1959, 9, (11), 372-375) It 
the major factors leadir 
itilization of 

efficient sorting Pp. 

On the construction of oil burners for open 
hearth furnaces \. ee Hutnik, 1959, 9, 
12), 393-396) The 


scray 


seml-empiri al and th 
retical principles utilized by the author i 


litable fo 


design of satisfactory oil burners 





in automatic turnaces, but operating equally 
well at lower pressures in non-automated OH 
plant, are discussed.—P.F. 

Atomization of open hearth fuel oi! with high- 
pressure gas J. LD). Wells and G. L. Rogers jun. 
Tron Steel Eng., 195%, 36, Dec., 87-94) Details 
are given of the oil-high pressure natural gas 
system of firing installed at the Houston Plant 
of the Sheffield Division of Armco Steel Corp. 
Higher production rates wert with 
fuel economies, higher flame temperatures, and 
controlled than when 


obtained, 


a more 
steam. 
Rapid burning in of a new large capacity 
open hearth furnace hearth J. A. Vyudrina and 
F. N. Simonenko (Metallurg., 1959, (11), 20) In 
the Nizhne Tagil No.1 OH shop at the end of 
1958, rapid burning in of a new hearth was 
carried out. For this process, magnesite powder 
was used together with ground OH slag from 
runming steel heats and dry from the 
rolling mills. Details of the composition of 
these components are given in tabular form. 
Comparative data on the rapid burning-in 
process and the usual method are supplied. 
The outstanding feature of rapid burning in is 
the great reduction in time, 1. 
iwainst 147 h 25 min. for the 
Chis great difference is explained by the fact 
that with the rapid method four layers are 
burned in instead of 14 as previously.—R.s. 

Metallurgical comparison of tilting and the 
stationary open-hearth furnaces. 11. On the 
effect of open-hearth furnace slag in the ladle 
M. Ito (Tetsu to Hagane, 1959, 45, March, 235 
238) Operating data for both furnaces are com- 
pared; these include the changes in total Fe, 
CaO-SiO,, and Mn and P during the 
period K.E.d. 

New trends and developments of the theory 
and practice of steelmaking in O.H. furnaces 
N.S. Mikhailets (Jzvest. VU Z. Chernaya Met., 
1959, (5), 153-158) A review mentioning the 
investigators and suggestions made regarding 
steel melting in OH furnaces which were read 
at the May 1959 Conference at the Moscow 
Steel Institute. 

Rwy analysis of the heat input of 

O.H. furnace V. 8S. Kocho and V. 
vale Doe: (Izvest. VUZ. Chernaya iba 
1959, (7), 105-110) The relation between the 
parameters of melting in furnaces using O, and 
those using air are similar. The periods of heat 
ing up, during charging, both at ‘Zaporoshstal’ 
and at ‘Alchevsk’ do not depend on the heat 
load. They take 0-8-0-9 h at the former works 
and about 1-5 h at the latter, and the specific 
heat consumption is almost equal at both 
works (~350 kcal/kg). Extending the charging 
period increases the general melt time. The 
duration of melting and refining 
depends little on the heat load. 

The periscopic method of measuring open 
hearth furnace roof temperature I. G. Mitin 
and Yu. I. Voronov (Stal’, 1959, (10), 893-897) 
The method used is described in detail and its 
importance even with highly resistant roof 
materials is noted. General adoption of the 
method is recommended. 

Combined automatic regulation of open 
hearth furnace heating conditions V. N. Timo- 
feev, G. I. Shirokov, M. M. Gordon, B. G. 
Gutner, G. A. Petrov, and I. N. Mekhailov 
(Stal’, 1959, (12), 1071-1077) A combined 
system raising output 10°, and fuel consump- 
tion by 5% is described. Oxygen content of 
gases, roof gas pressure, and pressures at other 
locations are discussed and their continuous 
recording and use for furnace control are con- 
sidered. Methods of sampling and continuous 
analysis are described and the method of regu- 
lation is set out. An editorial note indicates 
that the results are only preliminary in 
character. 

Contribution to studies regarding the heating 
of open hearth furnaces |.. Septier (Centre 
Doc. Sidér. Circ., 1958, (6), 1237-1252) The 
thermal efficiency and combustion processes of 
OH furnaces are discussed; oil-fired and pro- 
ducer gas-fired furnaces are compared. This 
is followed by remarks regarding heat ex- 
change in the checkers.—R. P. 

Properties of flames in the open-hearth 
furnace J. Jitinsky (Hutnik, 1959, 9, (9), 296- 
300) Recent literature on combustion pro- 
cesses in the OH furnace is surveyed. The 
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efficient utilization of the various properties of 
flames, and their control is expected to in 
crease the efficiency of steel produc 
ticularly with the introduction of automatic 
control of the furnace. Automation must not 
be restricted to the control of the heat input, 
combustion, pressure in the furnace, and burner 
reversal, but should also include the control of 
flame properties, adapting the latter to the 
requirements of the individual melting stages. 
The importance of heat recovery in open- 
hearth furnaces M. Hansen (Stahl Eisen, 1959, 
79, Oct. 29, 1666-1667) A review of published 
information of the efficiency, and 
affecting it, of heat recovery 7 the 
work of OH furnaces (18 refs). G 
Construction and operation of ‘methane and 
oil-fired open-hearth furnaces L.. Bruno (Lev. 
Vét., 1958, 55, Dec., 1113-1125) Data taken 
from industrial tests are applied to the calcula- 
tion of optimum conditions for the construc 
tion, operation, and performance of OH 
furnaces. Methane and oil-tiring are compared. 
Heat consumption and reaction volumes are 
discussed. R.P. 
Contro! of flame direction in open-hearth 
furnaces fired by lean gas |.. Septicer, K. Bovies, 
Terrat, E. Cohen de Lara, and M. Faure 
(Rev. Mét., 1958, 55, Oct., 993-1008) Small 
scale tests are described which reveal general 
operating principles of flame-direction in OH 
furnaces. Experience gained thus was applied 
successfully to various types of industrial 
furnaces. It is shown that coke consumption is 
reduced and that the basic roof can be re} 


tion, par 


factors 
checker 


placed 
by a silica roof. Steam can be used in place of 
compressed air but >< yeaa of the 
charge is more rapid.—R 

Contribution to the study of open hearth 
furnace regenerators LL. Septier and J. Serre 

Rev. Mét., 1959, 56, Oct., 221-248) From a 
simplitied study of heat changes and fluid flow 
in OH regenerators, practical conclusions are 
drawn for increasing efficiency, simplifying 
construction, and reducing wear on refrac 
tories. A.G. 

Reconstruction of open hearth furnaces. 11. 
Some studies of checkers K. Ikuma (Tetsu to 
Hagane, 1959, 45, March, 234-235) Convective 
and over-all heat transfer coeff. are given for 
various flue sizes, and a graph is given to 
establish the temp. of the pre-heated air from 
the flue size and heating surface of the checker. 

Air ae into port gas arches to reduce meit 
duration |. Ne lov, lL. Ya. Vil’nyanskii, D. G 
Glazkov, >. . Krasnozhen, S. A. Telesov, and 
ma Ee “enter (Stal’, 1959, (10), 889-893) 
Arrangements at various works for blowing air 
from the blast-furnace blower systems into the 
air-cooled ports producing some pre-com- 
bustion with improved thermal conditions and 
fuel economy are outlined. The amount used is 
about 15° of the amount for total combustion. 
Automatic control from checker temp. is 
recommended. 

The effect of melting with oxygen on the 
method of open-hearth heating Jiéinsky 
(Hutnik, 1959, 9, (11), 370-372) The advan- 
tages arising from melting with oxygen are 
discussed, and the control of the heat input 
and flame characteristics, as effected by the 
use of O, are considered.—P.F. 

Kinetics of decarburisation in molten 9 
1. Oxygen potential in basic open-h 
furnaces T. Fujii (Tetsu to Hagane, 1959, 2 
Aug., 788-795) Decarbonization is discussed in 
terms of the difference between the oxygen 
potential of slag and that of steel, and practical 
values from a furnace are examined as the 
carbon content falls from 0-80 to 0-08%. In 
conditions of carbon boil, decarbonization is 
controlled by the speed of formation and 
growth of CO bubble nuclei (15 refs).—x«.8. 3. 

Analysis of the efficiency of an increase in 
the oxygen content in the air draught of the 
0.H. furnaces V. A. Romanets (Jzvest. VUZ. 
Chernaya Met., 1959, (5), 135-148) An increase 
in the O, enrichment of the air stream from 25 
to 30°, and an extension of the time of its 
supply to the flame shortens the melt time by 
12-9, 43-6, or 54-2% according to the process, 
but the yearly output increases less; (12-2, 

2-3, and 41-9%). The production cost is 
reduced by an increase in O, owing to a reduc- 
tion in fuel consumption which exceeds the 
extra cost of O,. 
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Ways of increasing the strength of O.H. 
furnace bottoms MM. |. Pantiloy (Ogneupory, 
1959, (3), 120-124) A review of the 
theories and of proposals made by 
investigators. 

Open hearth bottoms and pouring aisle 

refractories: Wl (/nd. Heat., 1959, 26, May, 
1016-1022) An investigation on the effect of 
nozzle size on pouring rates and slab surface 
condition of rimming steel is Trials 
were made with 2, 24, 3, an i ‘i in. nozzles, 3 in. 
nozzles were found preferable to the 
D.L.C.P. 
_ Mechanisation of open-hearth repairs kK 
Riha (Hutnik, 1959, 9, (6), 195-199) Increased 
use of mechanization is proposed as the method 
of approach to more rapid repair work. The 
technical aspects of the problem are discussed, 
mainly in the light of wor out in the 
Soviet Union in the last few years P.F. 

Design of O.H. furnace — for air injection 
into the gas openings N. 1. Kokarev and V.G 
Lisienko (Chern. Metallurg., 1959, (4), LOI-—111) 
lest on an industrial scale of OH ports with 
cold air injection that the greatest 
increase of the heat load to the bath is ob 
served with a volume of air 14-15%, of the 
theoretical volume required for the combustion 
of the fuel. The amount 
bustion is also reduced, 


Various 
different 
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K Carried 


show 


of incomplete com- 
Hot air from the re- 
generators is effective. Constructional 
details, drawings, and calculations are given. 

Contribution to the study of open-hearth 
firing M. Septier (Centre Doc. Sidér. Circ., 1959, 
16, (5), 1103-1105) A discussion on a previous 
paper (ibid., 1958, (6), 1237-1252) 

Experience with the operation of a 400-t open 
hearth furnace with cold coke-oven gas and 
fuel off F. D. Voronov, EF. 1. Dikshtein, 8. E. 
Khusid, [, B. Gol’denberg, Yu. A. Zapzhitskii, 
and A. M. Kulakovy (Stal’, 1959, (11), 987-991 


Fuel economy was obtained 


more 


given a low-S gas 
and using a three-uptake port in which air was 
supplied through the old Fuel 
needed to impart luminosity and the 
results were obtained when 64°5°), of the 
provided by the gas better 
design increased hearth area 

> firing of an acid open- an ber bag 
’ . Crookes (Iron Steel, 1959, 32,5 » 427 
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when going over from oil to gas firing in acid 
OH furnace practice at the works of Samuel 
Fox & Co. are described. The results cover an 
experimental period of 12 months, and details 
of the furnace reconstruction are given. Steels 
with max S contents of 0-05% can be made 
using oil fuels containing at least 1-3°%S. 

Experience in the operation of open-hearth 
furnaces fired with oil or a mixture of oil and 
cold coke-oven gas kt. (Stahl Hisen, 
1959, 79, Oct. 15, 1483-1491) This is an anal 
ysis of the answers to a questionnaire on exper- 
ience with the use of oil or a mixture of oil and 
cold coke-oven gas in OH furnaces. Fifty-one 
furnaces are dealt with and the results are pre- 
sented in many tables and graphs, T.G. 

Design and operation of 250-ton open hearth 
furnaces without a front wall M. A. Chernenko, 
S. A. Marants, A. 1. Pavlov, A. E. Frolov, 1.8 
Osnovnikov, and A. I. Krasil’nikov (Stal’, 
1959, (11), 992-995) A description of the 
design with a portal frame instead of a front 
wall, and construction, layout, and general 
operation are described. 

Open hearth furnace repairs and furnace 
availability (BISRA Summary, 144, 1959, 
Sept., pp.2) A summary of two reports. The 
conclusions resulting from the studies in opera- 
tional research are given. 

Experience gained with rapid heating-up of 
Maerz-type open-hearth furnaces |. 
(Neue Hiitte, 1959, 4, Nov., 663-668) The 
feasibility of increasing furnace efficiency by 
rapid heating up is discussed. The develop- 
ment of heating-up periods to 1955 is sur- 
veyed; the new rapid heating-up method for 
OH furnaces with silica refractories is des 
cribed.—t.J.L. 

Oxygen ae: or practice in the U.8.8.R. 
Myssovski (J. Met., 1959, 11, Aug., 520-522) A 
presented at the 1958 Journées 
Internationales de Sidérurgie at Liége by 
Morozov, dealing with oxygen enrichment of 
the flame and direct oxidation in the bath 
using lances. 
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Progress in the use of oxygen in the open 
hearth furnace F. G. Massobrio (Met. Jtal., 
1959, 61, July, 257-278) An account is given 
of the use of O, in OH furnaces at Cornigliano 
S.p.A. The results obtained by using O, by 
various techniques are illustrated including de- 
carburizing with tubes inserted through the 
charging door and enrichment of the flame. The 
limitations placed on the intense use of O, by 
the presence of SiO, in the roofs are explained 
Pests using O, in a basic furnace are described 
and the results The conditions 
necessary for the conversion of an entire melt- 
ing shop to the use of O, and the production 
obtainable are described. 

On the terminology and metallurgical evalua- 
tion of the acid open-hearth process ’. Kinsky 
Hutn. Lasty, 1959, 14, (5), 391-393) Duplex 
methods of steelmaking, particularly as prac- 
tised in the USSR 
reviewed .—-P. 1 

The acid open-hearth process in the produc- 
tion of high-tensile steels in the Lenin Steel- 
works in Pilsen F. Kinsky and A. Fiala (Hutn 
Listy, 1959, 14, (5), 394-405) Production tech 
as developed with Cr Steels over the 
1923-1958 is discussed 1945 a 
100°, liquid charge has been used under slags 
containing less than 25°,MnQO 
boil precedes the stage of reduction, and a 
single addition of Fe-Mn is made towards the 
end of the reduction period. Stlica is thus main 
tained in the liquid state. Alloying elements 
are added to the furnace befor: 
allowed to run in.—P.} 

Investigation of the performance of a 250-t 
open hearth furnace fired with coke-oven gas 
V.S. Kocho, M. P. Sabiev, V. I 
kk. A. Ploshchenko, and Yu. D. Molehanov 
Stal’, 1959, (9), 796 802) The ealoritic values 
of natural, coke-oven, and blast-furnace 
are compared, the first-named two require @ 
supplement of fuel oil. At high enough tem 
methane forms carbon and liquid 
products and can replace the carburetting oil. 
The use ot hot coke oven gas alone 18 investi 
vated and it is shown that OH furnaces can be 
run on it without additions, producing a suffi 
ciently radiating flame 

500-ton open hearth furnace fired with coke 
oven gas M. I. Zlochevskii (Metallurg, 1959, 
(7), 17) This article deseribes the 500-ton OH 
furnace built in 1958 to Stalproyekt design, 
fired with coke oven gas with the addition of 
fuel oil. Detailed drawings are included.—-R.s., 

Firing open hearth furnaces with natural gas 
G. P. Pukhnarevich, I. I. Kobeza, P. I. Tarim, 
G. P. Gozhn, E. I. Bembinek, V. M. Smirnov, 
and V. D. Zelenskii (Metallurg, 1959, (10), 14 
16) The natural gas firing of OH furnaces is 
described and details are given of fuel con- 
sumption during fettling, charging, melting, 
and refining. Furnace performance was equal 
to that associated with oil firing. Furnaces are 
now being designed to operate with natural 
gas with self-carburetting and without water 
of the ports.—R.8. 

The influence of silicon and manganese in 
pig iron on dephosphorization during melting 
with an oxygen jet on to the bath V. P. Grigor’ 
ev and E. Abrosimov (Chern. Metallurg., 
1959, (4), 45-52) An increase in the volume of 
O, blown on to the bath in the first half of the 
melting period weakens the influence of the Si 
contained in the pig iron on dephosphorization 
and with a volume of 1500/2000 m* of O, 
blown on to the bath it ceases altogether. An 
increase of the Mn content of the pig iron when 
melting without O, blowing, ensures dephos- 
phorization in the first half of the melting 
period. 

Some problems concerning the economics of 
low-manganese conversion pig iron in 0O.H. 
furnaces I. I. Kobylyakov (Chern. Metallurg., 
1959, (3), 157-163) The production of pig iron 
for OH furnaces with low Mn content, and its 
conversion at the Dzerzhinsk OH furnaces is 
economically sound because it ensures an 
increased output of the blast-furnaces, a 
reduction in the specific consumption of raw 
materials, fuel, and expenditure, which in turn 
reduce the price of steel without lowering 
quality. 

Diesel setup fits standby needs (Jron Age, 
1959, 183, June 25, 99) The role of a large 
diesel engine in providing stand-by water 
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pumping facilities for OH furnaces is des 
cribed.—-D.L.C.P. 

Moisture of gases in the furnace chamber of 
the open hearth furnace in relation to hydrogen 
content of steel K. ‘I. Kurochkin, B. A. Baum, 
A. S. Konovalov, and V. V. Postyka (Metal- 
lurg, 1959, (3), 16-19) The water vapour con- 
tent of the gases in the furnace chamber 
remains practically constant both with varia- 
tion in the moisture of the fuel oil from 1-6% 
and with the normal amounts of materials 
added to the furnace. The gas atmosphere in 
the furnace chamber is the main source of 
hydrogen in the steel. Details are given of 
moisture content in the furnace atmosphere 
during different periods of the heats and also 
the moisture content in the furnace gases in 
relation to the type of fuel oil atomized.—R.s. 

Desulphurization of molten steel by solid 
lime during vacuum melting It. G. Ward and 
R. Hall (J7SJ, 1960, 195, May, 75-78) [This 
issue}. 

Preliminary treatment of O.H. pig iron in the 
ladie 1). Ya. Povolotskii, M. I. Kolosov, O. Ya. 
Vainshtein, \ G. Kravtsov, and A. N., 
Morozov Vetallurq., 1959, (3), 27-35 
With Os blowing of pig iron, considerable 
oxidation of Si occurs together with a reduc- 
tion in the Mn content. The temperature of the 
pig iron is raised by 100-150°. This increase in 
temp. and the reduction in the amount of slag 
in the OH bath ensures a shortening of the 
melt time when melting pig tron with a reduced 
Si content, but O, blowing in the ladle has a 
number of disadvantages so that 
the mixer is better. In order to avoid intense 
formation of fumes, the O, should be mixed 
with stean 

Combustion control in the open-hearth fur- 
nace by the continuous determination of oxygen 
in the exhaust gases l). W. Hunziger and J. W 
Bain (Centre Doc. Sidér. Cire 1959, 16, 5), 
JOLIL-1012) An abridged translation of an 
article ‘U.S. Steel puts oxygen analyser into 
closed loop combustion control’, (Instrument 
Society of u, 1958, 5, (5), 32 
36). The design and operation of the analyzer, 
and results obtained at the Geneva works of 
U.S. Steel Co. are reported. Production was 
increased, fuel consumption per t of steel 
reduced, and refractory life prolonged 

Chrome-alumina bricks in regenerator check- 
ers of O.H. furnaces V. A. Rybnikov and FE. A 
Volynskii (Ogneupory, 1959, (4), 171-172) The 
upper rows of regenerator 
covered with fused dust, and 
crack and swell because of the iron oxides. The 
only way to increase their service life is to 
evolve reliable methods of cleaning them 
during service 

A paper on the first campaign of a new type 
of completely basic open hearth furnace M. 
Signora and (. Soddu (Met. /tal., 1959, 51, 
July, 279-288) In this article the results of the 
first campaign of a completely basie OH fur 
nace of special design equipped with automatic 
control are examined. It was found that its 
life, hourly production, aerodynamic quality 
of the flame, and speed of repairs with pre- 
fabricated materials were satisfactory whereas 
consumption of materials was no more than 
normal. It is thought that the experience 
gained will enable better results to be obtained 
in the future. 

Desulphurization in the basic open-hearth 
furnace J. Mocek (Hutn. Listy, 1959, 14, (5), 
405-409) [In Czech] Desulphurization is dis- 
cussed in the light of the recent literature on 
the subject and the author’s own experiments. 
Basicity and fluidity of the slag are important 
factors in the process, but the effect of iron 
oxide in the slag is insignificant, except 
through its fluxing action.—»P. F. 

Increasing the production of semi-killed 
steel D. A. Smolyarenko (Metallurg, 1959, (10), 
18-20) The article refers to a scientific con- 
ference held in 1959 in Moscow to discuss 
increasing the production of semi-killed steel 
It was desired to produce something better 
than the norma! rimming steel, having a yield- 
point of 24 kg/mm? and tensile strength of 41 
43 kg/mm®. Moreover, the rimming steel has a 
low impact strength at high temperatures. On 
the other hand, the use of killed steels for the 
more severe service conditions requires a 
greater consumption of metal and ferroalloys 
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The yield of good ingot with semi-killed steels 
is 90% instead of 85% with rimming steel, 
segregation is reduced, there is less wastage of 
deoxidizers, holding time in the furnace is less 
than with killed steel and heating of hot tops 
is not required. The disadvantages of semi- 
killed steel are inferior surface quality as com- 
pared with rimming steel and the necessity of 
a severe control of deoxidation and increased 
porosity. Details of analyses of semi-killed 
steels are Semi-killed steels are de- 
oxidized in the ladle with Al only (100-500 g/t 
of ingot). The impact tests on rimming and 
semi-killed steels are compared. Much discus 

sion took place at the conference about the use 
of capped steels in Britain and America. In the 
Soviet Union the amount of killed steel 
inereased from 49-2°,, in 1951, to 58% in 1958 
Very little semi-killed steel 
Russians are now specially 

use of semi-killed steel 
steel for butt welded 
Vyksa.— R.8. 

Regarding deoxidation of steel with 
minium 8S. R. fe 
(9),47-48) The following proce 
for melting in basie electric furnace 
During the oxidation period eliminate 
P to the required limits and reduce sulphur 
content to upper limit 
allowed by producing the maximum amount 
of liquid slag and conducting the melt with 
partial oxidation. After which, close the oxida 
tion period by drawing off the slag. After pre 
liminary deoxidation of the melt add a propor 
tion of Fe-Mn and Fe-—Si to the bath together 
with a weighed amount of Fe—Cr (for Cr steels), 
form white slags and after reducing the S con 
tent, pour into a ladle with additional Fe-Mn 
and Fe-Si. 

On selecting the pulses for the automatic 
control of the heat loads of O.H. furnaces \. 1 
Maron and 8S. E. Elagin (Chern. Metallurga., 
1959, (3), 115-126) Experimental findings at 
the Kuznetsk Metallurgical Combine show that 
between the reversals of the valves the rate of 
in the temperature of the walls of the 
practically equals the rate of change 
n the combustion products. Temperature 
curves for the walls of the uptakes show 

iably smaller inertia during the course 

peration than the curves for the upper part 

r checkers and therefore represent 

the heat processes in the working 

k-xperiments have shown further that 

the heat absorption by the bath but 

also incomplete combustion exert an influence 
on the temperature curves of the uptakes 

Open hearth slag handling G. RK. Morgan 
Iron Steel Engq., 1959, 36, Oct., 129-132) In 
pro. ements carried out to the slag handli g 
system at the OH plant of Colorado Fuel and 
Iron Corp., Pueblo, consisted in transporting 
slag to the dump by means of tractor-trailer 
units, which entered and left the shop at a 90 
angle, and were driven along a specially con 
structed road to the dump. 

Universal scraper for hot slag removal \. Z. 
Lavrenov (Metallurg, 1959, (4), 20-21) Evolved 
at the Mattevsk plant, this universal scraper is 
described and drawings are supplied. 

Installation of a pneumatic suction plant in 
the steelworks W. Lehmann (Neue Hiitte, 
1959, 4, July, 403-405) Design and operational 
data are given of a suction plant used for 
cleaning OH ducts in a German works 

Oxidation of chromium and phosphorus in 
native alloy chromium conversion irons S. \ 
Mikhailikov (Trudy Inst. Metallurgii, 1958, 
(2), 73-79) The conversion of Khalilovsk irons 
with a high Cr (up to 3%) and P (up to 0-47%) 
content is carried out at the Orsk—Khalilsk 
Combine by the duplex process: converter 
OH furnace. The Cr, which has a much lower 
affinity for oxygen than other elements in iron 
(Si, Ti, C, Mo) may be retained in the metal 
during blowing. The proportion of Cr in the 
metal is determined by the temperature. The 
elimination of the P from the Khalilovsk ores, 
by changing it into a gaseous compound is not 
possible. To dephosphorize, it is necessary first 
to produce a chemically active iron-lime slag 
before starting, or within the last minutes of 
the process. The high temperature is favour 
able for the retention of the Cr and at the same 
time for the dephosphorization 
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Electric smeiting of iron G Zuliam (J. Four 
Elec., 1959, Sept.-Oct., 35-236) A brief 
account of electric sme = of Ni-containing 
iron with a balance sheet of materials, tables of 
analysis, and production.— 8.H.s. 

Contribution to the study of electric furnaces 
G. Grenier (J. Four. Elec., 1959, 5, 2° 
A short description of the construction, 
tion, and smelting 
furnaces S.H.-S. 

A trial of hollow electrodes in a 40-ton 
electric furnace 1. P. Zabaluev (Stal’, 1959, 
9), 811) A note from Dneprospetsstal kle« 
trodes 500 mm outside inside dia. 
lapsed. The power 
and power consump 


7-238 


fune 


processes in electric are 


and 225 mn 


frequently cracked or coll 
factor slightly increased 
tion was re due ed ~ 1" 
Electric arc furnaces for melting yee and for 
large scale steel production fF. S. Leigh (Prob 
lemas de la Industrie Siderurqica yd = J'rans 
nde Hierro y Acero en America La 
2), 66-70) The possibilities are disc 
the use of the electric furnace as a unit for 
the large manufacture of steel. The use of 
oxygen for the manufacture of steel in electric 
furnaces W. I. Lewis (112-115) Costs and 
some typit results are given; reference 1s 
made e advantages of oxygen in. the 
ma factur 3 
Steelmaking in the 1-5 t basic induction 
furnace A. F. Kal P. Solodikhin, 
Ya. S. Leizerov, and S. D. Skorokhod (Met 


1459, (6), L116) 


tina, 


issed 


scale 


of stainless steel 


IUKOVSKII, 
eludu 


product 
and weld ~ 
On the behaviour of tungsten in the melting 
of steel in 0.H. furnaces V. KE. Zotkin (Cher 
Metallurg., 1959, (2), 27-36) The elting of 
tungsten steel i asl OH furnac 
! asieit of the slag 


without 
mpanied y appreciable oxidation 
60-70 k f the Ca tungstate 


f 
iOrms in 


ch ! oxidation of W in 

the basic OH rt ikes place mainly 

ise of its int iv FeO and the 

the slag with f atu of tungstat« 

ger when the perature ot 

er. The degree of oxidation 

y ' mus the higher the 
-onte nts of free iron and CaO in the slag 


Ae new system for tapping steels in two ladies 


pro| port 


uti and W. Schreiber tadex Run 

. Dec., 698-703 

svstem dk 

which lies against the tapping spout of the 

and is removed to fill the ladle nearer 

furnace. A modification of the method 
allows three ladles to be filled. 

Factors involved in controlling the oxygen 
content of mild open-hearth steels during their 
production. | W. Hess (Stahl Eisen, 1959, 79, 
Oct. 29, 1567-1580) Extracted from a thesis 
After discussing the theory of oxygen 
tion by liquid iron a large number of experi 
ments are described with the aim of det 
ing the melting conditions which give consist 
ent [C] and [O] levels. The author f 
alia, that the slag should be kept as reactive as 
possible up to the time of tapping so that it is 
able to supply the FeO required for refining; 
the viscosity of the slag should be kept as low 
and larger hearth areas increase 
the refining rate (25 refs) T.G 

The recirculating recuperative steelmaking 
furnace G. V. Gurskii, M. V. Kirillov, 8. M 
Kotin, and V_ 8S. Skripchuk (Stal’, 1959, (10), 
898-900) Analysis of the operation of the furn 
ace over a period of six years in comparison 
with an OH furnace is generally unfavourable 
to the design. Performance data are lower and 
costs higher throughout. 

The 50-tonne Maerz-Boelens furnace. Its 
construction, and the initial operating results at 
the Beautor Steelworks A. Devanlay (Rev. Mét., 
1959, 56, Aug. Sept., 155-161) The character 
istics are described of this oil-fired furnace 
which produces dead mild Al-killed deep 
drawing steel only; its production, as shown by 
the first year’s operation, is 20°, higher than 
that of comparable furnaces fired with pro 
ducer gas, and the fuel saving is more than 
this amount. 
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the basic-lined naphtha fired rotary furnace 
‘B.V.M. Lincar’ of 5 6 tons A. Bargoue and 
E. A. Hanne (Fond. Ital., 1959, 8, March, 101 
104) This article in the series continues the des 
cription of the furnace, giving operational data, 
consumption, and production costs for the pro 
duction of about 2000 t of steel (400 casts 
The tests are carried out and results obtained 
in the furnace in the production of iron 
by reducing ferrous ores 

The new eteatets melting shop of Steel, Peech 
and Tozer K. 8S. Howes and A. Jackson (J/S/, 
1960, 195, May. 95 09) | This issue 

The development of American electric steel 
production I’. Sommer (Stahl Eisen, 1959, 79, 
Oct. 29, 1667-1673 A review of published 
information dealing inter alia with: Nitrogen in 
electric steel; Re lining; Vac 


same 


fractory ium melt 
ing includin 
electrode arc-melting and induction meltin 
and Economic utilization of electric power 
A throwing shovel for charging free-flowing 
materials into electric steelmaking furnaces 
(Stal’, 1959, (10), 912-913) A revolving scooy 
device which strikes a stop near the furna 
and throws the naterials in is described 
Some improvements in steel-making practice 
with an electric high-frequency induction 
furnace and an ” turnace I. Kamoshida 
(Tetsu to Hagane, 19 45, March, 242-243 
Questionnaire on the lite of (electric furnace 
roofs (Centre / ’ 
1257) Ansy 
reterence t« 
Many of the 
a detinite 
orich 


g vacuum-degassing, consumable 


door 


, 1958, (6), 12 


stres 


wer I 

Linings of electric 
Hutnik, 1959, 9, 0), 
prices, | t t 


are alis I, 
appertaiming mainly ! 
production in Czee , , are made 

A visual method of primary slag control fer 
the basic electric arc furnace J. |). Sharp, W. 
Johnson, and K. W. Andrews (JST, 1960, 195, 
May, 83-94) [This issue 

Garten eietaction in low carbon steel |. | 
Moshkevich (Metallurg, 1959, 11), 12) In 
to obtain a general pictu Ve 
blowing of the bath u w car 
bon and transformer steels in t lectric-arc 
furnace, tuming of the heats carried out for 
ditferent methods of oxygen blowing. The ore 
boil was completed with 0-06-0°35°.C in the 
metal, and then oxvgen was introduced. The 
oxygen (95-97 pure d into the bath at 
6 to Sats g through } in. and Lin 
ter iron pipes lined with a spe 


VAS fe 
auge pressure 
diame 
tory 

through a combined installation consisting of a 
water-co » five-je tuyere through the 
charging do } netal is blown with the 
eurrent off and the electrodes raised. The 
temperature of the metal at the end of blowing 
varied from 1615 to 1710°C 
WMo immersion pyrometer 
samples were 


cial refrac 


mass magnesite 


with water-glass) or 


as measured by a 
During 
»xidized with Al 
1 to the purity of 
in clean water, the 
of the samples was stripped to a depth 
wheel and the 


blowing, 
taken and dex 
Special attention was devoter 
the samples. After cooling 
surface 
of 0-8 mm on an emery 
were analysed.— R.s 

Modern steel boilers for firing by blast furn- 
ace gas and pulverised coal K. Nuber (BWK, 
195%, 11, Dee. 5, 566-569) The problen ~ 
associated with simultaneous firing with blast 
furnace described, and it is 
shown by means of two detailed examples how 
these problems ean be solved. 

The protection of new ingot moulds from 
oxidation during storage A. M. Maslov (Metal. 
lurg, 1959, (11), 16) In many steel plants, new 
ingot moulds undergo ‘ageing’ or are stored for 
a long time before being put into use. As a 
result, rust forms on the working surfaces of 
the mould 2-3 mm thick. This rust can be re 
moved by rinsing the moulds with molten slag 
or by cleaning with brushes. However, these 
methods do not always prevent flaws when the 


filings 


gas and coal are 
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first ingot is cast. At the Ilyich plant, after the 
removal of the core, cleaning and blowing with 
compressed air, the moulds are greased with 
desiccated tar in the foundry. This preserves the 
internal surfaces of the moulds from oxidation 
for an unlimited period independent of tem 
perature and atmospheric changes R.S. 
Recommendations for the design and manu- 
facture of square ingot moulds of 3 to 5 tons 
(Fonderie, 1958, (155), Dec., 581-585) The 
ould 


followed by a 


mathematics and principle a of 
This is 
summary of the method of 
including the structure aimed at, composition 


melting practice, 


ingot 1 
design are discussed 


manutacture, 


and running system The 
paper refers to French practice only R.P 
On the decrease of mould consumption with 
a 1:8 t square-section mould H. Matsuoka 
Tetsu to Hagane, 1959, 45, March, 272-274 
Data on consumption and properties of thick, 
nad iper-thin moulds lead to a curve 
a pronounced minimum f 
tion against mould/ingot ratio 
Study of the spalling © the skin of ingot 
moulds I. Amaki (7'etsu to Hagane, 1959, 45, 
March, 259-26] K.E.J 
Production of oe ae by mixing S 
Kubena, O. Bohus Hutnik, 
we ) 20 332 ol 


r consump 


n made 
$0.1 OH fury 
ntaimir ! 

Ihe 


el apy 


llo Po 
On the making of capped steel I. Varna 
etsu to H 1959, 45, March, 261-263 


gm design . floating feeder _— 
i 


Zakharov, } ” 7 


agan 


195%, eget r" 
7 t th 

mn the 

better 


er cror nd lhe wa 


with refractory 


The heads are used once 
only 

Electric arc furnace analysis = photography 

I Iron'S | ing. 159, 36, No 

n 


reduce retrac y we 
irc power 
wer 30 carried out 


sxperim 
on the use of hollow elec 
trodes through which an inert gas was passed 

Oxygen desiliconising provides hot-metai 
electric steelmaking H. W. A. Waring and 
Kk. Davies (J. Met., 1959, 11, Aug-, 616 IT) A 


report of the O, desilicon Process in Use t 


irymbo works for the electric furnace plant 
The technology of production of highly 
alloyed cast steels Z. Eminger and J. Krumpos 
Slevar 1959, 7, (5), 184-187 Ani 
Ninomic-type alloy made in the 
furnace, and containing 15°,,F¢ 
of the alloving element spart from 0-1? 
19°%Cr, 5%Mo 1-5%Ti (max 
and 0-8°%,Al, of the 
content the produced with lesser 
stringency alloy steels designed 
It is cheaper and less 
steels 


enstvi, 
pensive 
electric 


max 
is described. 
alloy can be 


Because iron 
than similar 
for use 600 ¢ 
brittle than many alloy 
turbines, 


above 
ised for steam 
though its high-ten B erature creep 
strength is somewhat lower 

ee may cut cost of alloy steel (Steel 
1959, 145, Aug. 3, 82-85) The use made of 
computers b »y Union Carbide in stainless steel 
production are briefly indicated 

Carbon and alloy steels (Vet. Prog., 1959, 76, 
Oct., 140-143) A brief review is made of steel 
compositions for structural work, vacuum 
casting of forging steels, elevated-temperatur+ 
drawing, heavy coil weights, and steels for 
automobile parts and hot and cold heading 
Reference is made to anti-corrosive treatments 

Predicting minimum materials cost for stain- 
less steels D. C. Hilty, R. W. Taylor, and R. H 
Gillespie (J. Met., 1959, 11, July, 458-464) An 
account is given of the application of linear 
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programming to the manufacture of stainless 
steel type 430, with particular reference to the 
determination of the most economical practice 
(21 rets). 

Directory of U.8. Producers of the iron 
nickel alloys (/nternational Nickel Co. pamphlet 
1959, pp.18) Uses are also tabulated. 

Using titani ing scrap as ome 
tute for terre-titanium V. A. Khry ukina, M. 
Bryunetkin, E Korablev, and L. A. a 
kina (Metallurg, 1959, (4), 15-17) Twenty-six 
melts of 30T-type steel were carried out with 
ri-containing scrap with the following results: 
(1) Chips and scrap dissolved completely in a 
ladle one-third full; (2) the Ti content in all 
melts corresponded to the technical specifica- 
tion; (3) the loss of Ti by combustion amounted 
to 63-5°, for chips, 57-5%, for sheet scrap and 
to 52-5°%, for melts using Fe-Ti during the 
same period; (4) the metal surface made with 
li-containing scrap is much better. 

Influence of the process of deoxidation of 
38KHMYuA steel on its contamination by non- 
metallic inclusions 1). 1. Malinovskii and D. B. 
Royak (Chern. Metallurg., 1959, (4), 53-55) It 
has been shown experimentally that the con- 
tent of non-metallic inclusions in this steel 
does not change with different deoxidation 
processes, The greater part of the inclusions in 
the finished metal comes from the oxidation of 
the Al during tapping, casting, and recrystal- 
lization. Further investigations are needed 
with a view to decreasing the amount of 
secondary oxidation during casting. 

Melting titanium stainless steel without 
using ferro-titanium N. I. Shutkin and M. 
Goncharenko (Metallurg, 1959, (10), 12 14) 
Che direct alloying of 18/9 Cr—Ni Ti steel with 
ilmenite concentrates instead of Fe-Ti is des- 
eribed. Costs are reduced by about £2 10s per 
ingot ton. Heat time is cut by about 10 min. 

The influence of pouring technology and 
ingot mould dressings on ingot quality L. Smrha 
(Hutnik, 1959, 9, (6), 190-194) Recent work on 
the topic, carried out in Czechoslovakia and 
abroad, is surveyed. Bituminous compounds 
and aromatic resins are shown to be better 
dressings than those made from coal tar.—P. F. 

Speeding up the filling of the feeder head in 
slab ingots G. A. Chikalenko and T. I. Olesh- 
kevich (Metallurg, 1959, (2), 11-13) Normal 
instructions for teeming usually state that the 
feeder head must be filled for the first third at 
the normal speed at which the body of the 
ingot is poured, after which metal feed shall be 
adjusted so that total filling time for the feeder 
head shall be not less than half the time for 
teeming the body of the ingot. This method of 
filling feeder heads espec a with uphill cast- 
ing has certain defects. A drop in the teeming 
speed means that colder metal enters the 
feeder head and the bottom of the ingot is 
more contaminated with oxide inclusions. We 
should, therefore, expect that the filling of the 
feeder heat at constant speed equal to the 
speed of filling the ingot moulds ought to have 
certain advantages. This method of filling 
feeder heads was tried in 35 casts of carbon 
steel. Details of 5-6 t ingot moulds are given. 
Comparative data are given regarding the 
surface quality of the wide faces of the slab 
cast under different conditions of filling the 
feeder head.—R.s8. 

Exothermal substances for feeding T. 
Welkens and K. Korecki (Prz. Odlew., 1959, 
(6), 178-184) The authors deal with the prob- 
lem under the following headings. The mechan- 
ism of shrinkage holes and the action of feed- 
ing materials with a delayed solidification 
time. Exothermal! substances—their actions, 
properties, and compositions. Various types of 
exothermal substances. The application and 
technology of runner linings, their shape, the 
effect of their height-to-diameter ratio and the 
effect of the thickness of the feeder linings on 
efficiency. Methods of calculating various 
dimensions. Progress made in this field in 
Poland. 

The use of widened hot tops for casting 
18KhGT, 50KhGT and 15SKhGNTA steels I. P 
Zabaluev (Stal’, 1959, (9), 811) A note from 
Dneprospetsstal’. Widening the hot top for 
pouring prevented the curtaining effect caused 
by turning in the skin of the ingot at the junc- 
tion of mould and hot top, producing edge con- 
tamination. 





The use of graphite fireciay bricks for steel 
pouring ladies and for the runners of steel 
furnaces V. P. Zegzhda, A. F. Kablukovskii, 
V.S. Laktionov, and 8. D. Skorokhod (Oqneu- 
pory, 1959, (9), 419-423) With steels contain- 
ing over 0-5°,C, the graphite-fireclay ladle 
does not affect the carbon content of the metal, 
but the use of such linings for low carbon or 
rimming steels has still to be investigated. 
Optimum proportions and methods of manu- 
fac pture are given for these linings. 

. Development of a hori- 
zontal process for cast iron and non-ferrous bar 
Z. Stokowiec (Iron Steel, 1959, 32, May, 202 

204; June, 323-326) A brief survey is made of 
the development of the vertical process, as an 
introduction to a note on early research into 
horizontal continuous casting. The influence of 
composition on continuous casting properties, 
and effects of temperature and withdrawal 
speed are discussed. The mechanism of solidifi- 
eation is outlined, and solidification diagram 
are given. 

Continuous casting of iron without a ladle 
S. K. Win (Lit. Proizv., 1959, (8), 37-38) At 
the Alma-Ata Wagon repair shop a device has 
been introduced for continuous casting which 
replaces the ladle, in conjunction with a con- 
veyor passing the forehearth of the cupola. A 
description of the device is given. Its introduc- 
tion has freed the 5 t crane and effected sub 
stantial savings in electric power. 

Reduction of top discard in killed steel ingots 
Ya. M. Levitasov, A. M. Ofengenden, and V. I 
Panich (Metallurg, 1959, (6), 16-19) Various 
methods of reducing top discard were tried at 
Stalinsk. Coverings of two kinds were tested: 
heat-insulating mixtures and exothermic mix 
tures. The results of investigation into the 
microstructure of the feeder head region using 
coverings of insulating mixture and of exo- 
thermic mixture show that the thermite 
mixture, consisting of 65°, ferro-silicon, 20°, 
saltpetre, and 15°, fireclay, is unsuitable for 
the heating of heavy ingots. Whenever this 
mixture was used, the sections were found to 
have an unsatisfactory microstructure, 1.¢€ 
14%, discard did not guarantee removal of 
shrinkage cavities. The deep location of 
shrinkage cavities when the metal surface is 
heated with thermite mixture is explained by 
the extremely rapid combustion reaction and 
the absence of insulating residue on the surface 
of the metal after combustion of the mixture. 
A diagram of the new smaller type of hot top 
used at Stalinsk is given. Compositions of 
various exothermic mixtures for the lining of 
hot tops are given.—-R.8. 

improvement of ingot structure by ae 
of solidifying steel A. A. Romanov and P. 
Umrikhin (lzvestiya Vysshihk U hebraykh 
Zavedenii, Chern. Metall., 1958, July, 37-43) It 
was to be expected that agitation would 
increase nucleation and decrease grain size. A 
vibrating mould system was set up and tests on 
seven steels were made. Effects of vibration on 
degassing, density, and mechanical properties 
as well as on grain size were observed and are 
discussed. 

Hydrodynamics of molten steel at teeming or 
tapping. Hil. On the stability of a molten-iron 

through various shapes of nozzles Y. Koike 
Uretee to Hagane, 1959, 45, March, * 255) 
Flow patterns through normal and specially 
designed tapered nozzles are studied by photo- 
graphic techniques.—K.E.J. 

Automatic control of ingot carriers L. N. 
Gorodetskii and L. 8. Zadorozhnyi (Stal’, 1959, 
(10), 932) A system using photo-relays is des- 
cribed for the transfer of ingots to and from 
the soaking pits. 

Electro-slag filling for steel ingots G. S. 
Tyagun-Belous and D. A. Dudko (Avtom. 
Svarka, 1959, (11), 66-70) The process is based 
on an electric current passing through the 
molten slag; this supplies the heat to melt the 
electrode in the feeder head. The yield of rim- 
ming steels is increased by 15-18% and the 
structure is improved by diluting the upper 
portion of the ingot with pure electrode metal 
and by retarding the convection effect of the 
liquid steel. The ingots so treated have a lower 
ratio of loss in rolling which is 1-31 instead of 
the 0-39 for normal ingots. 

A study of the structure and properties of 
cast iron for steel manufacture after treatment 
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with molten ferroalloy during tapping V. I. 
Agapov (Stal’, 1959, (11), 1018) A note from 
Magnitogorsk. Treatment in a | t experimental 
ladle gave rapid and even distribution and 
uniform dispersion of graphite, less included 
gases and low S. 

On the motion of liquid steel and the involu- 
tion of air bubbies on top running KR. Shimizu 
(Tetsu to Hagane, 1959, 45, March, 251-252) 
The flow patterns are obtained from water 
models.—K.E.J. 

The origin of mottled liquation in steel M. P. 
Kuznetsov, Baptizmanskii, and K. 8. 
Prosvirin (J/zvest. VU Z. Chernaya Met., 1959, 
(5), 35-39) On the basis of experimental find 
ings a new method of blowing and manufactur 
ing rail steel has been worked out (blowing the 
mould, reducing casting temp. and Si content 
in the iron ete.) which greatly reduces the H, 
saturation of the steel with the practical elimin- 
ation of mottled liquation and flaking in 
rails. 

Effect of vibration * taget oa v. F. 
Kravchenko, Sh. Enekesh, K. G. Trubin, and 
E. V. Abrosimov (Jzvest. } UZ.C Thernaya Met., 
1959, (7), 23-34) Vibration at 1470 cycles/min. 
with 1 mm amplitude increases elimination of 
gases from the ingot. Any desired thickness of 
sound shell can be produced depending on the 
duration of vibration, and not on the rate of 
casting as is the case in the normal method. 

Heating feeder heads of ingots for cogging 
A. I. Pastukhov, D. F. Nagovitsyn, L. 
Smirnov, and G. D. Bykov (Stal’, 1959, “13, 
1078-1082) To reduce top discard the use of 
hot tops with air-gaps, exothermic dressings, 
and exothermic and coke briquette linings for 
hot tops were compared by pouring side by 
side. The use of exothermic briquettes is made 
difficult by difficulties in production and high 
consumption of Al and also by adhesion of the 
fused briquettes to the feeder head. The need 
for cheaper compositions is felt. 

Investigating the influence on the properties 
of the metal of electro-slag heating of the dead- 
head of the ~— by graphitised electrodes 1. F’. 
Chernega, V. A. Molotkov, N Kusel’, _ 
K.G. el (Avtom. Sve win a, 1959, (1), 8 
86) The macrostructure of the heated dey is 
characterized by the absence of shrinkage 
porosity, greater compactness, a less pro 
nounced lower cone, and less V-shaped segre 
gations than that of the unheated ingot.The 
electroslag heating of the dead-head of a 3-t 
ingot by a direct current of 1000 at 50 V does 
not cause any appreciable change in the 
chemical composition of the metal. The H, 
content in the interior of the ingot is reduced 
and the distribution of the residual H, is dis- 
placed towards the negative pole. 

The effect of deoxidation by silico-calcium on 
the properties of chrome-nickel molybdenum 
steel E. D. Verbol’skaya, 8. I. Smolenskii, and 
A. E. Khlebnikov (Stal’, 1959, (10), 938-941) 
Trials with Si-Ca showed it to be superior to 
Al for this type of steel. The amount and 
distribution of inclusions are different and a 
more favourable microstructure is produced. 
Full scale furnace trials confirmed laboratory 
findings. 

Continuous casting in Austria B. Tarmann 
(Radex Rund., 1959, Dec., 704-713) The 
development of the process in Austria and its 
special features are described. 

Construction of apparatus for the continuous 
casting of steel A. S. Kaushanskii (Vestnik 
Mashin, 1959, (6), 44-47) A few schemes are 
suggested for continuous and semi-continuous 
steel casting, with appropriate diagrams. 

Effect of cooling and rate of withdrawal in 
continuous casting on the homogeneity of plain 
carbon structural steels F. Leitner and P. 
Rosegger (Berg. Hiittenmdnn. Monatsh., 1959, 
104, Oct.—Nov., 222-224) The effect of cooling 
and withdrawal rates in continuous casting on 
the homogeneity of plain C structural steel 
melted in the electric furnace showed that 
certain types of defects were attributable to 
too high cooling rates, whereas others were due 
to too high casting rates and were independent 
of the intensity of cooling. The surface of the 
mould has also a great effect on the homo- 
geneity of the casting.—T.«c. 

Study on continuous casting of steel. I. On 
the primary casting K. 
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Decrease in steel temperature during con- 
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given temperature of casting. The device is in 
the form of a comb-like core box which pres 
ents slits of from 1 to 10 mm into which the 
molten alloy can penetrate. 

Modern ingot mould foundry at Dowlais 
(Metallurgia, 1959, 60, Aug., 48-50) A brief 
account of the history of the development of 
the Dowlais plant is followed by a description 
of the new ingot mould foundry which has a 
weekly capacity of 1000 t and can be raised if 
necessary by shift work. All the ingot moulds 
required by the Cardiff Works and half those 
needed by the Port Talbot Works of The Steel 
Company of Wales will be supplied. 

The foundry forge project at Ranchi F. 
Hausner and P. F. Jarosik (Iron Steel Rev., 
1959, 2, May, 1153-1157) The purpose of this 
plant, to be built in collaboration with Techno- 
export of Czechoslovakia, is to supply medium 
and heavy castings to the heavy machine 
building plant. The facilities and capacity of 
the plant are discussed. 140 technicians are to 
be trained in Czechoslovakian factories. 

New moulding techniques J. H. Osborn, 
T. A. Marsden, and R. F. Horton (Jron Steel 
Rev., 1959, 2, May, 1105-1112) The develop- 
ment of a new factory that produces alloy, Mn, 
and carbon-steel castings by the shell-mould 
srocess, the Osborn-Shaw process, and a CO, 

lock-mould process is described. The organi- 
zation and facilities of the factory are dealt 
with in detail. The three moulding processes 
are described, and their relative merits and 
demerits, both among themselves and com- 

red with sand moulding are discussed. 
Jsing the Osborn-Shaw process, sections of 
4 in. are considered practical, while an accur- 
acy of +0-010 in. and +0-005 in. is being 
maintained on many jobs. 

Developing new ironfounding processes J. (. 
Pearce (Jron Steel Rev., 1959, 2, May, 1099- 
1103; from the Machnester Guardian) Present 
methods of sand-moulding are discussed, and 
the various types of cast iron that are available 
are described. The advance of mechanization 
in foundries, and its effect is mentioned. 

The largest U.K. manufacturing concern for 
foundry pig-iron Stanton Ironworks Co. (Jron 
Steel Rev., 1959, 2, May, 1097) The develop- 
ment of the Stanton Ironworks Company, and 
the present work, particularly on spun iron 
pipe (present max. dia. 27 in.) are dealt with. 

Progress made in the foundry during the last 
six months of 1958 P. A. Heller (Stahl Hisen, 
1959, 79, Nov. 26, 1813-1820) A review of 
= information under the following 

1eadings: Structure and properties; Foundry 
practice and melting; Moulding and fettling; 
General (120 refs).—T.a. 

Modernization of mixing crushers K. V. 
Bol’shakov (Lit. Proizv., 1959, (4), 41) Mixer- 
crusher type 112, very largely used in foun- 
dries, has been rebuilt at the Kharkov Works 
and drawings of the alterations are given. 

Progress of the foundry shops at the Gorki 
automatic plant I. 1. Lebed’ (Lit. Proizv., 1959, 
(8), 10-11) The story of the growth of output. 
At present a large number of special castings is 
delivered: 630 types are of ductile iron, 349 of 
sulphur iron, 420 of steel, 259 of alloys on a 
zine basis, 120 of Al alloys, and 25 of Cu alloys. 
A short description is given of the methods and 
of the automatic machines in use. 

Economics of shop floor conveying equip- 
ment in the foundry. Part | KR. Pokorny (Gies 
seret, 1959, 46, July 30, 448-451) The effect of 
unduly high operating particular 
maintenance costs, on the economies to be 
attained by eflicient means of transport in the 
foundry is discussed 

Sandslinger moulding in a ‘Nine’-system 
J. Lempicki (Prz. Odlewn., 1959, 9, (11-12), 
326-330) If, in a mechanized foundry, it 
becomes necessary to hand-form, a saving up 
to 70% in time can be made by a special 
arrangement of moulding plates and sand 
slingers. The advantage of this method is that 
it gives an economic way of casting small 
batches. 

Automation in foundries A. Bencaster 
(Fond. Ital., 1959, 8, March, 89-100) The 
article examines the application of automation 
to foundry operations and processes reviewing 
the effects on labour and costs. 

Small mechanizations at the foundry shops 
of the Ural Automatic Works V. G. Sviridoy 


costs, mn 


(Lat. Proizv., 1959, (5), 21-23) Mechanization 
of different operations is described; prepara 
tion of moulds, knocking out the castings, 
preparation of moulding mixtures, etc. 

Organizing foundry production on a tonnage 
basis N. F. Troshin and V. K. Sotnikov (Lit. 
Proizv., 1959, (9), 2-5) An attempt at setting 
up a method of planned production including 
classification of labour requirements of the 
casting operations by various methods both of 
iron and steel and for non-ferrous metals, 
organization, and standardization of the 
charges and the timing of the different opera- 
tions is made. 

Hopper with reversed cone for moulding 
mixtures S. M. Vostrikov, I. Sigov, and 
A. M. Skvortsov (lit. Proizv., 1959, (8), 38) A 
hopper in service at the Kirov plant in Lenin- 
grad is described, constructed in the shape of a 
cylinder with a taper of between 2-3° towards 
the top to eliminate adherence of the moulding 
mixtures to the sides. Its introduction has 
resulted in great improvements. 

Work in an ancient Chinese cast iron foundry 
in Burma P. Murza-Mucha (Prz. Odlewn., 1959, 
9, (11-12), 340-344) The fuel used is a mixture 
of charcoal and low-grade Indian coke. The 
fuel consumption is 80% of the extracted 
metal and the output is approx. } of the output 
of a European plant of similar size. 

Cupolas in China N. P. Dubinin (Lit. Proizv., 
1959, (6), 47) Cupolas have been in use in 
China for the last 2500 years. Their capacity 
varies between 100 and 800 kg/h and they have 
certain advantages over their European 
counterparts. Drawings and dimensions are 
cmelind and their use is recommended for 
repair shops for agricultural machinery where 
small amounts of metal are needed. 

industrial use of Lacq gas in the fou dry 
R. Lasserre (Fonderie, 1959, May, 221-227) 
The use of methane gas from the Lacq beds by 
Soc. FISA at their Mousserolles foundry in 
various types of furnace is described, with 
technical and economic observations.—-s.H.—8. 

Sulphur in cast iron A. Meallier (Fonderie, 
1959, July, 321-322) A brief summary of a 
bibliographic study of (1) the influence of 5 on 
the composition and (2) the properties of cast 
irons, their working, and use.—8.H.—s. 

Reserves available for increasing cast iron 
output V. A. Nezhinskii (Lit. Proizv., 1959, 

39) At the Lutuginsk plant for casting 
rolls, the cupola is cooled by means of a water 
jacket of 10 mm sheet iron. The linings are 
only 115 mm thick instead of 285 mm. The 
cooling water is purified chemically and circu 
lates continuously. The campaign can be pro 
longed to more than 50 h and only 9-10 kg of 
bricks are consumed per t of cast iron instead 
of the 43 kg previously used. 

Increasing the productivity of cupolas A. | 
Volkomich and B. I. Egiz (Lit. Proizv., 1959, 
(4), 37) The 7-ton cupolas of the Rostov 
Radiator Works were changed over to water 
cooling and this increased their productivity to 
11-t/h and later to 16-t/h. Construction 
details are given of the jacket, lining, etc. 

Some experiments in basic cupola operation 
(Prz. Odlewn, 1959, 9, (11-12), 354-355) The 
object of the experiment was the production of 
iron with a satisfactory high C-content (Si- 
content 0-3°%, to 0-8°,) by using as much steel 
scrap as possible and so reducing the S-content. 
A basic cupola was used. 

Automation of coke charging in the cupola 
F. M. Laiko and N. A. Zolotov (Lit. Proizv., 
1959, (4), 12-14) A system of automatic charg 
ing of coke and lime is described with draw- 
ings. Results claimed show that it completely 
replaces the heavy physical work and increases 
the productivity of the cupolas by 10-15%. 

Mechanization of coke supply G. A. Ukhabin 
(Lit. Proizv., 1959, (8), 18) A mechanism for 
automatic coke transport and delivery in 
foundry shops is described which was installed 
at the Gorki automatic plant in 1956. 

Hot blast system for pre-heating cupola air 
proves extremely advantageous (/ndust. Heat, 
1959, 26, Oct., 1989-1992) At the American 
Cast Iron Pipe Co., two cupolas making iron 
for flange bolts are running on hot blast. Coke 
rate is 25% lower, the freezing of slag is 
eliminated, and other operating advantages 
accrue. The external hot blast heater is fired by 
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1000 Btu natural gas, and heated air can be 
spilled to atmosphere to curtail melting rates 
when necessary.—K.E. J. 

New hot-blast cupola with direct gas recuper- 
ation (J. d’Inf. Tech. Indus. Fonderie, 1958, 
(96), May, 1-5) The experimental installation 
is described, followed by the industrial applica- 
tion The recuperator/reheater is said to show 
low installation and maintenance costs, 1s easy 
to operate and it produces very little fumes and 
dust. Two applications of the recuperator are 
discussed —R.P. 

Preheating the biast for cupolas A. KR 
Komarov (Lit. Proizv., 1959, (4), 8-9) The 
Gorkii Automatic Plant in order to save space 
has built an air recuperator for the blast inside 
the stack. Internal dia. 1 100 mm external dia. 
1300 mm heating surface 45 m? of heat- 
resistant steel. A diagram of the installation 
and photographs are included in the explana- 
tions. 

Recuperator for preheating the biast for the 
cupola V. P. Migai (Lit. Proizv., 1959, (4), 
38-39) The recuperator constructed at the 
‘Leipzig Iron and Steelworks’ for preheating 
the blast by the combustion of cupola gases is 
described with structural details and dimen- 
sions. 

The criteria of coke efficiency for the cupola 
process in Poland and elsewhere J. Wojtasik 
(Prz. Odlewn., 1959, 9, (9), 267-275) These 
criteria are given by the chemical, physical, 
physico-chemical, and thermo-chemical prop- 
erties of the coke. Lack of complete informa- 
tion of this sort for coke made in Poland has 
caused great difficulties in the production of 
high quality steels, as well as the uneconomic 
use of the coke available. Difficulties in the 
classic method of coke manufacture has led to 
research, and now to pilot-plant manufacture 
of coke briquettes from non-coking coal. It is 
hoped that this latter type of coal may be used 
satisfactorily in the cupola process. 

Pivoting screen in the meiting zone of the 
cupola V. P. Mizikin (Lit. Proizv., 1959, (4), 
11) In view of present day tendencies for trans- 
forming cupolas into covered melting furnaces 
with preheated blast and purification of gases, 
with automatic charging, the problem how to 
maintain the internal dimensions of the melting 
zone has been resolved by the introduction of a 
pivoting screen which, as experience has 
shown, maintains constant the dimensions of 
the melting zone. 

Evaporation-cooling of cupolas |. M 
Andon’ev and ©. V. Filip’ev (Lit. Proizv., 
1959, (4), 14-15) A scheme for cooling cupolas 
by evaporation is explained with diagrams 
Besides the waste heat which amounts to 
80000 k cal/h great savings in lining bricks have 
also resulted. The installation is said to pay for 
itself within 1-2 years. 

Researches on the performance of the experi- 
mental cupola with a radiating chimney-type 
recuperator at the State Research Institute for 
materials and technology 1). Sochor (Slévar 
enstvi, 1959, 7, (9), 381-386) Experiments with 
a 64 in. internal dia. cupola having a radiation 
recuperator located above the charging door 
showed that a tubular recuperator of this type, 
made from boiler sheet, appears to be a satis- 
factory method of utilizing waste heat. By con 
trolling the secondary air influx the pre-heat 
ing of the blast is easily controllable.—-p. F. 

Regenerative heating of air in cupolas N. E 
Ninua, V. T. Kumskov, and K. F. Aksenov 
(Lat. Proizv., 1959, (9), 27-29) The process of 
regenerative air heating for the cupolas of the 
Boikov foundry is based on the principle of a 
compact laver of metal balls through which gas 
or air is blown giving very intensive heat 
transfer. Each layer of spheres disturbs the 
stream entering the next layer. Furthermore 
these spheres form a lattice of winding chan 
nels causing eddies in the gas stream thus 
increasing its turbulence. An installation based 
on this principle is deseribed in detail with 
drawings and calculations of heat transfer. 

Investigation of the working of the cupola 
under different conditions of preheating of the 
blast A. M. Katsnel’son (Lit. Proizv., 1959, (4), 
3-8) The experiments have shown that it is 
advisable to arrange in new foundries for the 
preheating of the blast in separate vertical 
radiation-convector recuperators by burning 





flue gases and also to prov ide for independent 
heating of the installation during down time. 

Remote control of cupola airbiast fans V. R. 
Balinskii and L. N. Goloskokov (Lit. Proizv., 
1959, (4), 11) A schematic diagram is given for 
an electrical automatic control circuit for air 
fans. 

Special features of cast iron melting in 
cupolas and the gases diechargos partially in the 
furnace and forehearth L. Marienbakh and 
Yu. 8. Sukarchuk (Lit. + heal .» 1959, (4), 9-10) 
Investigations carried out at ‘Stankokon- 
struktsia’ works on a 720 mm dia. cupola have 
proved that a duct 20% of the section of the 
cupola for removing gases has made it possible 
with a 12% coke consumption to increase out 
put from 3-2 to 3-7 tons/h and the iron temp. 
in the runners increased from 1400—-1410° to 
1445-1 450° (by immersion thermocouple). The 
erosion of linings in the hearth increased. 

pee with carbide additions — theoretical 
and practical investigations W. Hass (Giesserei- 
techn., 19% 5, (7), 200-204) Laboratory 
investigations on the use of CaC, additions in 
melting are described and considered, and a 
description is given of the application of the 
technique to industrial cupola practice, the 
economies attainable, particularly in imported 
coke being pointed out. The report refers to 
East German practice. 

Computation of cupola slags G. M. Nikitin 
(it. Proizv., 1956, (7), 11-13) A comparison 
has been made between the viscosity of castor 
oil (10 poises at 20°), and that of the slag by 
timing passage through a specially constructed 
funnel of 100 em’ of slag heated to 1350°. To 
construct a graph for the relation between 
viscosity and composition of slags, data from 
the literature have been reconverted in rela- 
tion to the following five components: SiO,, 
Al,O,, CaO, MgO, and FeO and in addition 
some few more assumptions were made. It was 
found that slags with 1-0-1-2 acidity resulted 
in cast irons with a fibrous form of graphite 
and those with 1-2-1-4 acidity with a fine 
lamellar graphite. 

The application of syphons for metal tapping 
and front slagging S. Pelezarski (Prz. Odlewn, 
1959, 9, (11-12), 321-326) All the advantages of 
syphons appear only in large cupolas of outputs 
not less than 3-t/h. The programme of work 
should not be too much differentiated in order 
to avoid contamination. 

Continuous control of fumes from hot blast 
cupola furnaces M. I. de Grandsaignes (Mét. 
Constr. Mécan., 1959, 91, Nov., 841-843) The 
principle and advantages of the furnace are 
described, with a detailed account of the opera- 
tion of the Mono~-Triplex gas analyser and of 
fume control.— s.H.s. 

Natural gas ym furnaces at Ductile tron 
Foundry (Jron Age, 1959, 184, Sept. 10, 184 
185) Comparative costs are given for the melt- 
ing of ductile iron in reverberatory furnaces 
fired by oil and natural gas. The advantages of 
natural gas as e fuel are stressed, including its 
lower S content. a.a. 

Influences of the type of melting operation on 
the oxygen content and the structure of a cast 
iron near the eutectic composition W. A. 
Fischer and H. Spitzer (Arch. Eisenh., 1959, 
30, Sept., 523-532) A cast iron with 3-3°,C 
and 2-3°.Si was melted in a medium-frequeney 
furnace in silica, magnesite, dolomite, and 
lime crucibles under acid glass slags, solid fused 
magnesia, dolomite 
slags at temperatures from 1200-1800°C, 
giving O, contents of <0-001 to 0-01%. The 
resulting structures are described in relation to 
the melting conditions and ¢ ), content, and the 
influence of O, content on structure is dis 
cussed with reference to the SiO, nucleus 
theory according to Keil and co-workers (48 
refs). 

The use of oxygen in the production of cast 
iron for rolls in reverberatory furnaces N. A. 
Voronova, N. I. Belyi, and Yu. N. Kil’shlein 
(Lit. Proizr., 1959, (10), 21-24) The melting in 
reverberatory furnaces of iron for casting 
chilled rolls for sheet and tin-plate production 
is examined in detail and tests are described 
with blowing oxygen on to the bath. Reduction 
in fuel consumption and in cost resulted. 

The furnace seal in crucible type induction 
melting furnaces H. Zepernick (Gresserei, 1959 
46, July 30, 451-453) The main types of seals 


solid and lime-fluorspar 


used with mains frequency crucible furnaces 
are described, and the design and advantages 
of a new type of interchangeable closure are 
discussed. 

Oxidation of elements during melting in 
induction furnaces V. V. Panin (Lit. Provzv., 
1959, (7), 43-44) The determination of the 
amounts lost by oxidation took place in 
laboratory furnaces of 12-50 kg capacity with 
acid and basic linings. Over 500 melts have 
been divided into groups according to the 
carbon content. In each group the content of 
one of the elements was taken as the variable 
quantity in relation to which the assimilation 
of the others was calculated as a coefficient 
Results are given graphically and in a table. 

Electrosiag remelting of steel at ‘Dnepros- 
petsstal’’ A. F. Tregubenko and V. G. Speranskii 
(Avtom. Svarka, 1959, (4), 71-83) Electroslag 
remelting considerably improves many proper 
ties of the metal, reduces the contamination of 
the steel by non-metallic inclusions and ensures 
their uniform distribution throughout the 
entire volume of the ingot, improves the longi 
tudinal and cross-sectional macrostructure 
and improves the plasticity of the hot metal. 
The ine content is appreciably reduced 
and the oxidation of the easily 
elements, Ti and Al, takes place. 

Electrosiag remelting of steels and alloys in 
water cooled copper moulds B. E. Paton, B. I. 
Medovar, and Yu. V. Latash (Avtom. Svarka, 
1958, (11), 5-15) Ingots cast by the electroslag 
method, as distinct from the electric arc, have 
a smooth surface and do not need scraping 
before hot mechanical treatment. For electro 
slag melting, AC is used from the usual furnace 
transformers and the remelting in one mould 
with a few consumable electrodes opens wide 
possibilities of casting ingots of any dimen 
sions and weights. Furthermore the metal can 
be treated with the slag, thus reducing the 
sulphur content by a factor of 5-6; the equip- 
ment is much simpler and the danger of burn- 
ing is eliminated. 

Electric furnaces in the oe foundry 
industry F. S. Leigh and L. Edwards 
(Iron Steel Rev., 1959, 2, May, Tin? 1124) Due 
to the sharper rise in price of other fuels, 
electric furnace running costs are now com- 
petitive, and thus their technical advantages 
can be exploited. Resistance, induction, and 
are furnaces of the usual types are discussed, 
and the purposes for which they are particu 
larly suited are considered. 

Efficient exhaust hood newly developed for 
electric melting furnaces Pangborn Corp. (Ind. 
Heat., 1959, 26, Aug., 1570-1571) The hood, 
its mode of operation, and advantages are 
described. 

Hopkins eee ag nosy metals for critical 
uses (Steel, 1959, 145, Aug. 24, 94-95) In the 
process described ac onsumable electrode of air 
melted stock is remelted under a controlled 
slag in a water-cooled mould. Superior chemi 
cal, physical, and mechanical properties are 
claimed for steels treated in this way.—a.a. 

Castings tackle the muscle jobs (Steel, 1959, 

» Aug. 24, 84-86) Steel castings of complex 
shape have produced with tensile 
strengths up to 300000 psi. Electrolytic iron 
and sponge iron briquettes are induction melt- 
ed and cast in ceramic moulds to eliminate 
distortion and hot tearing. The high 
involved may be set off against savings in 
fabrication costs.— a.a. 

Raw pig irons: Characteristics and uses G 
Hénon (Fonderie, 1958, (155), Dee., 559-565) 
The classification and limiting compositions of 
small and large pig discussed and 
their casting techniques are reviewed briefly. 
This is followed by a summary of the applica 
tions of pig iron in relation to suitability of 
composition, R.P. 

Treatment of cast iron for ingot moulds with 
sodium carbonate A. Gibeau (Fonderie, 1959, 
June, 262-265) A short statistical report of 
tests carried out for more than a year by 
Centre technique des Industries de la Fonderie 
in three plants of Soc. Lorraine—Escaut. 

Group classification of plain cast irons as a 
function of thermal analysis P. Détrez (Fon- 
derie, 1959, Dec., 554-569) Results of thermal 
analysis of low-phosphorus irons are discussed 
from the point of view of graphitization.—R. p 

High quality cast iron in marine use R 


oxidizable 


been 


cost 


irons are 
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Poirot (Fonderie, 1959, 161, June, 251-261) 
Mechanical, anticorrosive, and non-magnetic 
qualities are discussed and spex ial uses for high 
resistance iron in Diesel motors, propellers, and 
turbo compressors are described. 

Friction cast iron V. P. Grechin 
Mashin, 1959, (7), 73-76) The suitable 
irons are high carbon Cr-Ni-Mo irons of type 
CHNMKh with pearlitic structure and of type 
CHNMI.2 with acicular structure. These alloys 
have been tested and the findings regarding 
distribution of temp., heat conductivity, cool 
ing curves, chemical composition, and wear 
ratio with friction coeflicients, are tabulated 

Effect of the accompanying elements on solu- 
bility, activity, and saturation of carbon in cast 
iron Neumann, H. Schenck, and W 
Patterson (Giesserei, 1960, 47, Jan. 28, 25-32) 
All elements which increase the solubility of 
carbon in iron such as Mn and Cr, decrease the 
activity, whereas Si, P, and 8S increase the 
activity of the carbon and also its tendency to 
precipitate as graphite. The relation of the 
effect of accompanying elernents on the solu 
bility of carbon and their position in the 
Periodic Table is derived. Saturation of carbon 
as a function of the presence of other elements 
is discussed at length (40 refs).—-T.a. 

Manufacture of camshafts in acicular cast 
iron C. Guimaraes (Bol. ABM, 1959, 15, Oct., 
673-688) [In Portuguese] The manufacture of 
i.c.e. camshafts in cast iron is discussed and 
details of their production on an experimental 
scale are given. A typical alloy composition 
was 3-04%, total C, 2-54% graphite, 2-39%8i, 
0:64% Mn, 0-65°Ni, 1-0%Mo, 0-27%P, and 
0-016%8 and nil Cr produced in an indirect are 
furnace. The foundry technique for these six 
cylinder engine camshafts produced in pairs, 
is illustrated. It is concluded that camshafts 
cast in acicular cast iron are more easily 
economically produced than those in nodular 
cast iron or forged steel.—p.s. 

Chill structure related to saturation degree 
and inoculation in cast iron G. Ohira and K. 
Ikawa (Nippon Kinzoku, 1958, 22, Nov., 596 
600) The depth of chill decreases as the satura 
tion degree increases, but there is an abnormal 
chill in low-Si alloy and undercooled graphite 
in high-Si alloy near the eutectic composition 
Ca,8i is a better inoculant than Fe-Si in hypo 
eutectic flake graphite iron, but not in hyper 
eutectic iron or the alloy containing Ti having 
the undercooled graphite structure (10 refs) 

The effect of composition on the eutectic cell 
formation in cast iron K. Ikawa (Nippon 
Kinzoku, 1958, 22, Nov., 600-604) In chilled 
iron, the depth of the ledeburite layer and the 
depth and coarseness of the mottled layer 
depend on the number of eutectic cells formed 
at different distances from the chill end. This 
number increases with cooling rate until 
ledeburite forms, and is greater in hyper- than 
in hypo-eutectic alloys. The effects of P, Si 
Mn, Cr, 8, Te, O, and Ti are described K.E.J 

Spheroidal graphite cast iron ( onderie, 1959, 
July, 337-339) Thirteen graphs showing vari 
ous aspects of the composition and properties 
of graphite cast iron and their effecta on 
machining qualities are given $.H.-8 

Fundamental studies on spheroidal graphite 
cast iron. XXIV. Influence of W and Co on the 
formation of spheroidal graphite K. (Ozaki 
(Tetau to Hagane, 1959, 45, March, 226-227) 

Formation of spheroidal graphite in cast iron 
8S. Yu. Kolodnyi (it. Proizv., 1959, (5), 34-36 
The theory of formation of spheroidal graphite 
is considered from the point of view of the 
surface effect in the molten iron 
admixtures, by calculating the free energy 
during crystallization from the solution. All 
alloying elements are considered in turn and 
certain conclusions are dra wh. 

Production of magnesium iron in an airtight 
ladie with magnesium rods A. Yakovskii, I 
Pyaskovskii, and I. Kumor (Lit. Proizv., 1959, 
(10), 8-10) A method is deseribed of introduc 
ing Mg rods into airtight ladles of special con 
struction of 1750 kg capacity which can be 
wheeled under the tapping spout of the cupola 
This method evolved in Poland in 1948 has 
been improved and is now used for the produc 
tion of high quality Mg iron. 

On the assimilation of magnesium by carbon 
V. I. Bedarev and B Sergievskii (Izvest 
VUZ. Chernaya Met., 1959, 100) It 


s.H.-Ss. 
( Vestnik 


most 


system 


(5), 97 
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from the 
alumina non 


does 


follows that the 
inclusions in the iron 
not fect in any way the form of the 
Mg iron. The influence of 
property the Mg iron 
ent in inoculated iron 
influences considerably not only the assimila- 
bility of Mg but also the form of the inclusions 
of graphite in course of crystallization. 

The effect of free and combined magnesium 
on the formation spheroidal-graphite in cast 
iron LD. Pohl, EF. Roos, and E. Scheil 
wiaa.-techn. Beth., 1960, Jan., 1513 
recent work 


hndaings 


metallic 


presence ot 


graph @ inclusions in 
assimilation 
that the H, pre 


, on the 


suggest 


(Giesserei 
1521) The 
on the theory of 
the formation of spheroidal graphite and dis 
cuss the behaviour of Mg with other elements 
with part lution for 
mation. A metl for the estimation of the 
free My in cas ron is then deseribed; it is 
based on the evaporation of the Mg. A relation 
was found between free Mg content and surface 
tension and the structure of the iron Meg 
eliminates the interfering effect of certain im 
purities. It concluded that a high surface 
tension of the iron is , although not 
sufficient, t for spheroidal -graphite 
formation I 

The production of spheroidal cast-iron by 
inoculation of grey cast-iron with salts © 
HlouSek (Slévar 1959, 7, (10), 425-432 
The possibilities of salt 
studied. Mixture 
and Casi,, or MgF, and CaSi, were 
ellective roduction technolo 
tures of the SG-irons are discussed. Inocula 
tion with salts is safe, but the large volume of 
the salts required in practice chills the melt. 
further 


authors review 


ular reference to solid-so 


& hecessary 


requiremen 


enasti 
inoculation were 
containing NaCl, MgCl, 
found most 
vy and the struc- 


This ¢ other difficulties necessitate 
tucies and developments before the ere 
likely to compete with existing y practice.—P 
A new design of a mechanical — teeder 
for the inoculation of cast iron Z. Fale: P 
le 1959, 9, (11-12), 336-340 The 


delivery of constant quantities 


feeder 
Fe Si independent of the level of 
Effect cf lithium on the change in the form vd 
graphite inclusions in solid iron lk. N. Vavadz 
and B. B. Ebanoid Lit. Pr 1959, (9), 
38) The change in the form of graphite 
ated t » the diffusion of Liin the 
iron sir é ( t Its obtained with the 
diftus m solid iror reated with Mg. The 


haracter ti pec 


mcius 


uliarity is the formation of a 
lependent of 


ferritic metallic base of the iron 


the original cher al composition. 

Inoculation of cast iron with uncrushed ferro- 
silicon A. Stasi Prez. Odlewn., 1959, 9, (11 
i2 dot $ I intr miuction i 
briefly methods of inocul on with Fe 

method 
this method cut 
lution of | Si 2 
reduced, and dosing 

Modific ation with th 

iowing 1U00 


where un- 


method pearlitic 
structure 
Results of inoculation tests of grey iron with 
alloys containing copper as ‘carrier’ J. Meers 
eman and W. Simoens (fond. Belge, 1959, 29, 
Oct., 244-245) The action of eight alloys u 
nersed 1 carrier for their incor 
iron, wit! able physical 
d results is d 
tures are nown u ~ 
Spheroidal Graphite cast iron as a new 
material for industrial fitting castings K. Lob! 
Prz. Odlewn., 1959, (11-12), 330-335) The 
poses the rep! , of alloy steels as 
f fittings which 
Bice 
i t50°¢ 
» to 40 atm. an eact satis 
factorils ‘ ep, xydation and sudden 
che ‘ i temperature 
Desulphurisation ot cast iron for special 
ee * . Bradaschia (Bol. ABM, 1959, 15, 
Uct., 19-735 The author discusses the 
theories of desulphurization and reviews the 
present me 1ods in use. He has examined the 
g rare earths for this p 


reports the r 


iron re 


ity of usin irpose 
of several trials. He 
s that it is possible to ladle-desulphur 
ize iron from acid-line with a mixture 

and rare-earth carbone No additional 


2gults 
conclude 
al ¢ upolas 


ates. 


equipment is needed and high quality irons 
can be produ ed. Che application of this meth 
od in steelmaking is to be investigated (15 
refs P.S 

Inclusions in magnesium iron and methods of 
prevention V. M. Korolev (Lit. Proizv., 1959, 
(5), 17-18) Mg in liquid iron reacts with many 
elements After inoculati the sulphur, 
carbon, and Mg distribute yp adres: 
in the castings, forroing two zones 
The one with a low content of these elements 
has a light fracture and high mechanical 
properties, the other with greater proportions 
of these elements has dark inclusions. By treat 
ing Mg iron with eryolite according to a defin 
ite schedule, a great re rejects on 
account of black spots was attained. The intro 
cause the formation of a 


which is extracted by 


non 
uniformly 


iuction in 


duc ti Mi ot | rvolite 
small amount of smoke 
the normal fans so that no additional installa 
tions are required 

Casting crankshafts for steam locomotives 
from magnesium iron M. 1. Rotenberg and V. 1. 
Soldatenko (Lit. P7 , 1959, (6), 1-4) The 
crankshafts are fitted to type TE-Z 
motives of 2000 HP. a y are 4282 m 
and weigh 1450 kg r tests over 
have prove f ible. The 
ilded in two half vated 40 
mm thick with a special mixture the 
nposition of which is given, The entire pro 
described in full 

Fundamentals of the economic production of 
high-quality malleable cast iron castings 5% 
Drapal (Slévdrenstvi, 1959, 7, (10), 393-401 
Structures and 


loco 
m long 
230000 kn 
pattern is 


and is ct 


ges in malleable 
ywn that the low 
quired in high 
be obtained by 
Duplexin 


structural chan 
irons were studied. It is sh 
sulphur and carbon 
quality castings can 


contents re 
scarcely 
using the cupola process g, such as 
cupola /electri are ‘nace, is recommended 
Modernization nethods 


accompanied by dernization in te 


must be 
mpering 
equipment duction ethcienc\ 
of quality castu pire se P.F. 
Composition, properties and fields of use of 
silicon malleable cast irons treated with smali 
additions of tellurium or magnesium A. P. 
Toropanov (Lit. Proizv., 1959, (8), 34-36) The 
silicon irons e« between 1-6 and 2-598 
and between 1-7 and 2-6°,C according to the 
thickness of the components. The contents 
varv between 0-005 and 0-02° 4 number of 
chemical con 
rties and test 
in increased 


mntau 


qualities are listed with their 
position and mechanical prope 
have shown that these iro 
service life by 50 and even 100 

Malleable cast iron inoculated with tellurium 
D. N. Khudokormovy, \ \. Voroshilov, and 
N. M. Galanova (Lit. Pr 
Te-inoculate 


chilled surface, This pr 


ns have 


1959, (8), 36 


d iron produces a more intensivel 
has been tested 
with a view to widen sible limits 
of wall thickness of castings from malleable 
east irons. These experin have shown that 
with 0-004°. Te an iron containing 2-7~-2-9%,¢ 
and 0-8-0-9° Si is chill i right thr vugh in bars 

inoculated 


sections, wih a nor 

iron of the vstallizes 

the formation of graphite in bars of 45 mm dia 
Production of malleable cast iron inoculated 

with bismuth and boron Kurtov, \ 

Zakharov, N I Chict 

Ry at ; [ 


yperty 


g the permis 


of all cross 


same compositior witl 


report o th e « 
lated v h Bi dBa tor’) 
based on more 30000 t of « 
ed te 
to the industry | ‘ 
., Steel casting under pressure wa 3elov an 
\azelr Nooa, 10), 12-17 


+ 


ts justify 


d to aday stec 
{ I roduction on al 
industrial ale. hese are directed toward 
finishing new chemical co 
facture of moulds and tl 
optimur technology 
Production of cast steel fittings I. Przh 
(Lit. Proizv., 1959, (5), 13-15) Various in 
provements are suggested for the metl 


casting specific components which in 


sitions; the mar 


olution of th 


f 


ods o 
certain 
cases have increased the yield of usable pro 
duction by 40-505 

Acid-resistant 16°, silicon castings (Acier: 
Fins Spéc., 1959, 33, Dec., 71-77) The 


COMP 
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sition, phys al, and mechanical properties and 
the manufacture of castings containing 16%)5i 
are discussed. Attempts at improvement and 
the principal uses of this alloy are enumerated. 

Heat ——— steel casting for gas turbine 
ducts \V. Desnitskii (Lit. Proizv., 1959, (7), 
13-15 the Neva (Lenin) Machine Construc 
tion plant manufactures ducts for gas turbine 
of 4000 kW y temperatures up to 700°. The 
steel for high pressure mains contain 0-13 
0-20°, Ci, 0-78.58, 1-0-5°9,Mn, 23-5-26-0°,Cr, 
12-0-14-0°% Ni, 0-10—0-20 Te, 0-025%S and 
P, also the same steel containing 0-08-0-18°9,N 
The st »nsidered to be austenitic but has 
a small proportion of ferrite which diminishes 
with additions of nitrogen. The pipes measure 
1606 x 3350 x 930 mm weig ry 3500 kg. The 
process of casting is described. 

Machine moulding of large steel 
N. I. Averbukh (Lat. Pre -» 1959, 
Four machines of respectively 5, 10, 
40 t capacity are 
cribed in detail 
made on therm. 

The use of chamotte in steel founding 
(Fonderie, 1959, Sept., 427-428) Character- 
istics of formulas and mixtures for re fractory 
clay 3, their stoving, covering, and pre heating 
with their properties and uses are described 

Some tests with zircon sand (/'onderie, 1959, 

ug., 380-384) Tests of three mixtures wit! 
chemical and granulometric analyses and their 
uses for cast iron and steel foundry work are 
presented.—s.H.-Ss 

Contribution to the study of erosion of sand 
in casting steel in green sand K.. Mary and M. 
Jaumain (F'onderie, 1959, Oct., 443-452) Tests 
with six ty with 20 illustrations of 
risers and feeder heads and collars, are des 
eribed. 

Comparison of the various methods for the 
calculation of mould-filling time for sand 
castings and the sonmruenen wed a complete 
nomogram ((. Trenckle (4 wiss.-tech 
Beih., 1960, Jan., 1483-1490 Th » author di 
cusses mathematically the published work or 


and con 


‘el is 


castings 


and are des 
castings 


in Operation 


with examples of 


pes of sand, 


pares critically tt 
ived by Dietert, Abex 


mould-tilling time 
hows under which ¢ 
formulae of the three worker 
measured fill 
for determining mouid-t im 
structed that takes into account all fact 
allecting filling tune and which applies to al 
metals r.G 
Contribution to the theory of chemically 
hardened mnateing sands L.. Petrzela 
derie, 1958, Dec., 549-558) After co 
the shell-moulding and CO, 
author discusses tl j chemi 
hardening from the phys | and chemi 
view. He discuss e higt 
ture characteristics ol t nl y hardene 
silicates, CO, cor 
( maition of moulds (3 30 refs I 
Flowability of moulding sands. IV. Relation 
between flowability of moulding sands and sur- 
face roughness of castings |. Yoshihara, H 
Kasai, and K. Koice Rep. Gov. Ind., 
Inst., 8, June, 400-407 , 
methods of characterizu Hoy 
Kennedy’s and Gittu 
with the urtace I! 


actually 


point of i-temnpera 


sumption nd the surface 


195%, 


High temperature testing of moulding sands 


Oo SI Giuteriet, 1959, 
330, ‘ +-33 Methods in use ¢ 


logs al Institute of Co 


1ussen 


nd the likelih 
grow In importar 
parent y iy by ‘paanentie ¢ carriers D. 1 


tozano -» 1959, 9), 34) Ar 


is deseribe 
in the foundry mouldi 
available after having passed its tests 

Certain properties of the films of binding 
materials and the Strength of moulding mix- 
tures A. M. 


An investigation is described into the adhes 


Ali Tit 
d for automat co an 


shop which is n 


Lyass (Lit. 1 , 1959, (6), 8-15 
and cohesive properties of the binding mater 


als during moulding and hardening, into th« 
between thic 
adhesive properties and into the 
strength of the films; formulae 


mate ymputation 


relation kness il na 

tructure ar 
for the approx) 
of the strength of the 





moulding mixtures are giv and the 
ditions resulting t ug » the adhesi 
ass of the filter have also been studied 

Linings for moulds in silico-argillaceous sand 
M. Jeancolas and X. Virolle nderie, 1959, 
July, 297-309) A study of the role 
tion of the principal basic 
composition of gs and of the method of 
their preparation and applicatior 

Sand drying in a current of air V. \ 
and A. I, Cherkashin (Lit. Proiz 
24) An apparatus is described based 
ing drum evolved by the 
tion bureau ‘Prommekanizatsiya’, heatec 
200-250°C. Yield is about 15 t/} 

ys in an air current ‘ 

Lit. Pro » 1959, (5), 24 ) At 
is desc sie d used at the ZPS S worl 
slovakia. It operates with a 
10-20%H.O with an air 
20/25 m3/h starting with an 
with a speed of gases 30 
output of 1 t/h. 

Dowels for patterns made of wood, for core 
boxes and moulds A. Menden 1960, 
47, Jan. 14, 14-16) This discusses the various 
types of dowels; their sizes an imensions as 
given in the German standard specification 

Plastics cut foundry pattern costs R. H. 
Smith (Can. Metalw., 1959, 22, Sept., 26-27 
general account of the use of epoxy resins 

An electric heater for pattern plates J. 
Sielecki (Prz. Odlewn., 1959, 9, (11-12), 353 
355) In order to prevent moulding sand fron 
adhering to the corners of the pattern, the 
plates are heated with an electric heater, so 
decreasing the number of def — castings. 

Arc heating of feeder heads V. Stepanov, 
V. A. Batmanovy, and N. A. oh Stal’, 1959, 
(10), 913-916) A portable device 
and trials on seven types of steel in 4t ingots 
are reported. The ingots were sampled and 
tested by sulphur print and analyses for C, P, 
and 8 for the study of segregation. Arc heating 
reduced pipe volume with a saving of 7-8°%, on 
cropping and no 
was produced 

Casting in metal moulds with gravity feed 

). Iturrioz (Met. y Electr., 1959, 33, Oct., 89 
95) A moulding unit is described. This uses 
sand for the external case and metal for the 
internal. Details of construction and feeding 
are illustrated and discussed.—s.H.—8s. 

Investigating the consistency of moulding 
mixtures N. V. Afans’ev and *. Kosvakov 

(L4t. Proizv., 1959, (10), 37-40) The tests were 

carried out by three methods: AFA (Keyl 
Trans. AFA, 1940, (1) with type specimens 
modified by the authors) SFI. Method (Soyus- 
formolit’e) and the Skomorokh and Cherkaso\y 
method. The composition of the mixtures and 
the findings are tabulated. A description of the 
methods is given. The most suitable method 
has been found to be that of AFA. 

The strength of moulding mixtures by pene- 
tration N. I. Pristuplyuk (Lit. Proiz 1959, 
(10) 42—43) The liquid metal produces a pres 
sure on the top of the mould proportional to 
the difference between the level of the metal ir 
the riser and the hollow of the mould. The 
upper half of the mould is either clamped to 
the lower half or weighted. Since the data 
about the strength of the mixtures needed for 
calculating the strength of the shell are not 
available, laboratory experiments were carried 
out in pune hing through two mixtures con 
pacted in the mould. The results obtained 
were then applied to the calculation of the 
strength of the moulds and joints. 

Two-layer moulds for iron wig \. 
Smirnov and I. V. Bobysheva (Lit. Proiz 
1959 (9), 14-15) The Scientifie Rese 
tute for machine construction evo 
1957-8 a method of preparing two-layer 
moulds from mixtures of thermoreactive tar 
and chemically hardening mixtures of water 
glass. The half moulds are made of two layers; 
a thicker layer of a mixture of sand and tar 
(the lining layer) and a mixture of waterglass 

strengthening layer). Full details are 

Principles and application of the inclined 
casting method W. Sachse (Giessereitechnik, 
1959, 5, Nov., 322-326) The technical and 
economical advantages of casting in 
instead of horizontal, n 


and selec 
products in the 


castin 


Ukrainian ¢ 


Gresser 


is described 


segregation or carburization 


given 


inclined, 


oulds are described; 


theoretical considera 
successful applicatior 
examined; and tw 
practice are 
operation, I 
Exothermal mixtures for reacting feeder 
heads A. F. Bogachev, A. D. Burts 


Lakede 


1 open extensions. The 
iuxtures of different grat 

the experimental findings 

ent castings. 

Moulding cotings in chill- moulds 
i959, 162, July, 96-329 Tt i 
moulds, their composition, 
yuality of ca ed 

Chaplets stamped in one piece \ 
movich (Lit. Proizv., 1959, (8), \ 
explained of star pu 
foundry shops fron 
tavourably with «¢ 

ich cheaper 

The use of pattern plates provided with co- 
ordinate nets in series production in machine 
moulding P 
enstvi, 1960, 8, (1), 2 


vided with a rectang 


gs 18 descrilt 


Januszewiez and Z. Puzia (Sle 


oles were found 
hixing vari 
duction of machine-made ) 

Experience with easily detachable feeder 
heads Z. 1. Grafman (Lit. Pr , 1959, (4), 40 
The Selenitaie of this feeder head has beer 
known since 1912 and it has been develo 


especially at the Uralmash plant. The sugg 


ed design for castings up to 750 kg is in use 
the Sverdlovsk 
ings are giver 

Gating systems for light grey cast-iron cast- 
ings M. Bednafik (Sleé: 1959, 7, (9), 
387-392) The rational design of gating syst 
is discussed, and experiments on the determin 
ation of the best shape of such syste 
centrifugal as well as saw-tooth 
traps, by 
described P.F 

Comparative study of the flow of water and of 
different alloys in the foundry M. Jeancolas, 
G. Cohen de Lara, and H. Hanf (Fonderie, 
1959, 163, Aug., 368-379) Gate and teeder 
characteristics in sand moulds are studied by 
flow of water and of cast 
iron and non-ferrous alloys. Times of filling are 
calculated and formulae are derived. 

Cooling properties of moulding mixtures with 
chips and granulated iron ©. Yu. Kotsyubin 
ski (Lat. Proiz 1959, (9), 42 * wwe rime 
carried out on 


plant. Descriptions and draw 


wrenstvi, 


ns and 
type 
Plexiglass models, are 


dross 


means of 


comparison of the 


were nixtures 


containing 
chips passed throug h a sieve 
0-08 mm meshes and also iron 

1 dia. From cooling ¢ 
mixtures containing iron granules 3 mm in dia 
have better cooling qualities than hay 
granules or iron chips 

The importance of runners ‘Shi 
Steel, 1959, 32, Oct., 47 
are given in which defec in castings were 
traced to faulty runner systems 

Calculating the pouring gate system B. B. 
Gulyaev (lat. Proizv., 1959, (8), 31) The 
time taken for filling the m l 
thick 
empirically. The 
detail and mathe 
exact calculation Phe 


suggestions made by var is inves 


urves it may be seen that 
smaller 


arick Tron 
491) Some exan 


ples 


Ids « 
yulds 


ings with walls isually 
probler 


matical fort 


Universal mould for casting half- deanes I 
Dobretsov (1 Pr , 1956, (6), 44) A 


flanges fron 
ymponent 


exception 


Drawing and a techr 
appended. 
Production of grey — castings in surface- 
ores moulds V. Otahal (Slévdrenstvi, 1959, 7, 
346-353) The conditions under which semi 
dried and surface dried n 
On the bas 
mental work, diagrams at veloped which 
facilitate the determinati of the depths to 
which moulds 


des ription are 


milds may be med 


are discussed. f detailed experi 


must ) ed in 
-ations.——P.F 


particular 
soli 
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Manutacture of single cores on the joit- 
ramening moulding machine FR 20 H. Holilfe! 
(s1e88e techn., 1959, §, (7), 205-2 06) The ee 
this machine t ; \ 
vaide, tor the produc 

leseribed 

Standardizing and neeene * me mgd of 
core boxes A. M. M 


1959, , 6 ber of 


exper ems this 1 } 
The forming. ot oe wheels with es 
plates I ratel Z. Kr ‘ 


The w use of tall oil for Bag es cores | 


iS. 1. Gh , 1959, 


een 280-300 
er 10 kg/cm. 
‘Sand moulding of cores K 
Drozdovy 
rty il i 
(,or Kil autor 
given of the 
iraWwings anc peciiicat 
yg thea vertical conveyor drier for cores 
Pe Pr 


1959, (9), 32-33 


» with 


d which great 
use up to 
yvota 


continuously, oO é r rising ana 


now tor drying re tco is ssentiall 


escending vertically through four channels 
eated and provided with exhaust fans. 
ings and dimer onus are given 
Automatic five-positional turning sand 
7 rte iy machine fer ¢ core production 1). M 
Lity and N. N. Me lat. Proizv., 1959, 
8), 18 23) A pate ep is described as manu 
factured by the ‘Krasnaya Presnya’ Works th 
principal characteristics of which are: capacity 


of 250 « 


Draw- 


ores per h of 1 imum it 20 kg 
with maximum exterior di ) s of the cor 
box 750 350 200 mn vith five position 
orking at a pressure of 6-7 atm with a 100 
litre capacity of the sand reservoir driven by a 
1-7 kW electric motor at 930 rp 

en gh in core strength Gunes moistening 
Z. Wertz dO. Kulma (Pr Jdlewn., 1959, 
10), 393. 298 Using specially constructed 
tested 
general 


apparatus, various types of cores were 


Graphs of results were draw ip but u 
it was found that there was a considerabl 
reduction in strength 
of moisture 

A new anhydrous coating for moulds and 
cores L. Petriela (Slévarenst: 1959, 7, (12), 
13-518 ‘ anhydrous oating called 
Pyroge npletely hydro 
I yuld 
adding 
drying 
vulds and 
xtures or sodiurn 


with small amounts 


phobic, providing gor rotection of the m 
irface against 


asphalt, 


moisture ake. On 
propane high strength after 
r is suitable for green nm 
m bentonite r 
d sands, as v ia or repairing 
irface-clried mouk V 
“liftications of the coating are table for 
verse castin e.¢ plain 
Hac ld steels, cast t 
eietenstane as a mention: manatees binder 
Gerstmann (Giessereitechn., 1959, 5, 
335) A review of the literature is presenter 


er the fo wing heac l 18 manu! 


carbon steels, 


act 
watergl waterglas 
molar viscosity, (4) changes in 
I i 

Glucose scores knockout in CO, process 1D. R 
Pohlman (Mod. Castings , 1959, 36, Deo., 42 44) 

was found that core ilapsibility could he 
nproveda up Hf by adding glucose to the 
re mix nockou s easier and better castin 


finish is obtained. 

Concerning gent of carbon dioxide for 
foundries L. O. Soko iiand L. P. Fradi 
(Lit. Proizv., 195 9), 29-32) Apparatus for 
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the production of CO, is based on the charac 
teristics of the raw material and six groups are 
tested. Apparatus using waste gases from fer 
mentation cracking of oils etc: apparatus 
using waste gases from various chemical pro 
cesses such as NH, synthesis ete.: apparatus 
for the absorption-desorption method: appar 
atus using CO, of natural origin; apparatus for 
burning coke for the production of CO,: and 
apparatus for treating chalk with H,SO,. An 
example of each type is given with operating 
details, 

Experiments at the Renault works in the 
sphere of coring in hot boxes I’. Jasson (Fon 
derve, 1959, Sept., 395-407) Hot box cores, the 
principles of their construction, their compo- 
sition preparation, and behaviour; with meth 
ods of untnenging and fields of use are des- 
eribed. H.-S. 

Conveyor casting machine for casting - 
V. N. Pozdnyshev, V. Sal’nikov, Yu. A. 
Krivopalov, Yu. . Tomashevskii, and N, :. 
Shabanov (Lit. Proizv., 1959, (10), 30-31) A 
description is given of a conveyor for moulds 
for casting lugs for crushing 
evolved at the Katav-Ivanov 
principal characteristics are, 
width 2-2m, height 1-3 m, containing 44 moulds 
speed 2m per min, motor 1420 rpm. Forced 
ventilation from a fan. Coating of moulds by 
spray. Capacity per shift; loading 4 t of metal 
in 3-5 min and easting in 5-5 min Optimum 
temp. 1340-1230". 

Shell moulding or the Croning process for 
precision castings ‘Metron’ (Teen. Indust., 
1959, 37, Oct., 1465-1468) [In Spanish} 
Details of the technique are given and its 
advantages and range of use are discussed. 

Regarding the differences in the thickness of 
centrifugally cast tubes 3. 13. Khakhalin, A. N. 
Smolyakov, and B. A. Iskra (Lit. Proizv., 
1959, (6), 35-37) Water pipes are cast centri- 
fugally by two methods, in sand and in metal 
cooling moulds. In the former case the metal is 
east through short fixed runners, in the latter 
through long runners moving along the axis of 
the mould during casting. These latter castings 
show substantial differences in the thickness of 
the walls. Based on theoretical considerations 
and experimental work some conclusions have 
been arrived at regarding improvements in the 
process of casting and a device is suggested for 
< —e the liquid metal flow. 

Some peculiarities of the crystallization in 
a castings S. B. Yudin and 8. E. 
Rozenfe (Lit. Proizv., 1959, (6), 40-41) 
Castings of various alloys, for example, for 
example ShKh-15 steel, austenitic steels, 
copper alloys, ete. show complicated crystal 
lization patterns, depending on the rate of 
slipping of the different layers of molten metal. 
This is a study based on practical tests and 
microstructural investigations and some find- 
ings regarding a few alloys are explained. 

Centrifugal casting of bearings V. S. Kul’- 
mamet’ev (Lit. Proizv., 1929. (6), 42) The 
cores are made in metal boxes from a mixture 
of 85% quartz sand, 15% Marshallite, 7% 
wood-tar binder, and 1-1-5°% waste sulphite 
liquor with a gas permeability of 100 units. 
Centrifugal casting takes place in moulds in 
which these cores have been introduced. 

Concerning crystallization of the iron in 
centrifugal casting >. M. Krymskii (Lit. 
Proizv., 1959, (8), 11-13) The mechanism of 
the formation of the solid crust has been 
studied in the following experiment. A hori- 
zontal mould with internal measurements 
209/206 x 176 mm with 750 rpm had liquid iron 
of a given composition poured in at 1300°. The 
rotation was interrupted after 30, 60, and 
90 sec. and from the data obtained crystalliza- 
tion graphs were constructed; some prelimin- 
ary conclusions have been arrived at. 

The hydrodynamical condition of the metal 
and its effect on the macrostructure of centri- 
fugal castings N. N. Reutov (Lit. Proizv., 1959, 
(6), 22-27) It follows from the experiments 
related that different hydrodynamical condi- 
tions may occur in the molten metal rotating 
in the mould during crystallization and thet 
there exists a direct relation between the 
hydrodynamical! state of the molten meta] and 
the macrostructure of the casting. 

Concerning the principles of centrifugal 
casting B. I. Loshkarev (Lit. Proizv., 1959, (6), 


machines as 
foundry. The 
length 4:5 m, 


27-32) To obtain castings uniform in structure, 
chemical composition, and mechanical proper- 
ties, an appropriate rotational speed must be 
imparted to the mould, with suitable con- 
ditions of cooling the metal in the mould which 
will ensure a minimum slipping of the liquid 
layers in front of the moving crystallization 
front. The speed of rotation and the cooling of 
the molten metal depend on the physical 
properties of the alloy. 

Appearance of gas in — castings and 
the defects caused by wae . 8S. Konstantinov 
(Lat. Proizv., 1959, (6), 32-35) The mechanism 
of the elimination of gases is not cleared up, 
but whatever the origin they affect only part 
of the surface of the metal, causing various 
well-known defects. The effect of various 
factors is considered, for example, the material 
of the mould, the cooling conditions of the 
metal casting temp., speed of rotation, ete. 

The gr moulding process U. Klein 
(Giesserei, 1960, 47, Jan. 28, A detailed 
description of the Shaw moulding process, 
including pattern preparation, moulding 
material, moulding, mould processing, casting, 
and fettling is presented. The economy of the 
process ts discussed and the review is concluded 
by quoting a number of samples cast by the 
Shaw At present the process is still 
rather expensive for use on a wide scale.—T.G. 

Castings for crushers ((Giessere:, 1959, 46, 
July 30, 454) The properties of a stator casting 
made from Meehanite GA are described. The 
material is hard and machineable. 

Casting in argon lowers ingot inclusion count 
(Iron Age, 1959, 184, Oct. 1, 73-75) A six- 
month study has demonstrated the improve- 
ments in steel quality which result from the use 
of A both for purging the mould and for pro- 
tecting the molten metal stream.—a.G. 

High-temperature materials for penis 
casting Schwalbe (Stahl Eisen, 1960, 80, 
Jan. 7, 36-45) After describing the lost-wax 
process the author examines the suitability of 
various materials for use at high temp. and 
classifies the temperatures up to 500, 600, 700, 
850°C and more. Up to 700°C, austenitic steels 
on the basis 18° Cr and 8°,Ni may be used, 
but for higher temperatures Co- or Ni-base 
allovs must be used. The main field of applica- 
tion of these alloys is turbines.—T.«. 

improvement in the technology of pattern- 
moulding cylinder blocks I. N. Kolosoy (Lit. 
Proizv., 1959, (9), 45) An improvement is des- 
cribed in the pattern of the cylinder block 
which reduces casting defects and saves 
expenses. 

Jacket moulding of large steel castings I. M. 
Barabash, A. S. Shuper, and S. I. Knyazev 
(Lit. Proizv., 1959, (6), 6-7) Large patterns 
which cannot be made on vibrating machines 
are usually formed by hand. The operation can 
be mechanized by using universal metal core 
boxes with constant exterior dimensions but 
with inserts to vary the internal contour. The 
boxes are fitted with devices for a rapid change 
of inserts. The procedure has made possible the 
mechanization of labour consuming operations. 
A few examples are described. 

The economics of the shell moulding process 
J. Harpula, B. Smolka, and Z. Wertz (Prz. 
Odlewn., 1959, 9, (9), 261-267) A comparison 
between this method and normal sand mould 
casting method is made on economic grounds. 
On this basis conditions which would make it 
worth while to introduce this method of pro- 
duction are discussed. 

Casting motor engine blocks in uncoated 
green moulds J. Diezek (Slévarenstvi, 1959, 7, 
(11), 469-476) New mould mixtures were 
developed and tested. With these tractor 
engine cases and othe: castings weighing up to 
600 lb, with a | in. wall thickness, may be cast. 
The composition of the synthetic mixtures, 
and methods of using them are given.—P.F. 

improving the ve sg | of camshafts N. B. 
Gel’perin (Lit. Proizv., 1959, (4), 16-19) The 
undermentioned methods for producing the 
cast iron are considered: (a) cupola cast iron, 
treated for pearlitic ductile properties; (b) 
cupola cast iron treated for ferritic ductile 
properties; (c) cast iron made with a flame or 
electric furnace or by the duplex process, 
inoculated, and treated for pearlitic malleable 
iron; (d) as above but treated for ferritic 


33-37) 


process. 
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malleable properties. For each one of these 
irons, casting conditions are given, especially 
for casting camshafts of pearlitic iron. 

Casting drums for winches in moulds A. N. 
Ezhakov (Lit. Proizv., 1959, (6), 43) These 
drums are cast in moulds at the Saratov works. 
The outer surface of the braking pulley is made 
up by means of reels and dises. A specification 
of dimensions and of material used is ap 
pended. 

Casting components with internal and extern- 
al threads by precision casting L.. Kh. Brontvain 
(Lit. Proizv., 1959, (9), 43) Cores threaded 
according to the internal or external require 
ments are used as patterns in a special appar 
atus. Only calibration is necessary after cast 
ing. 

The casting of 60 ton (metric) iron rolls 
B. Raezynski (Prz. Odlewn., 1959, 9, (9), 276 
279) The technical and production details of 
the casting of rolls in Poland up to and since 
1957 are given. The quality of the rolls pro 
duced in Poland is compared to those from 
abroad. The differences in casting technology 
the defects arising out of the old method and 
the advantages of the newer techniques are 
outlined. 

The casting of a plunger for a 1200 metric 
tons press B. Kaczynski (P’rz. Odlewn., 1959, 
9, (9), 279-281) The author describes in detail 
the making of the core and mould, mould 
assembly, composition of casting metal and 
the actual casting process. 

Manufacture of a cast iron reduction wheel 
weighing 4500 kg (Fonderie, 1958, (154), 
Nov. 531 After enumeration of the 
characteristics of the wheel the feeding and 
running systems are discussed. The prepara- 
tion of mould and core are described in detail 
and this is followed by a brief discussion of 
casting conditions and fettling.—R.P. 

Forming and casting a drawbench bed, 
13-5 m long P. Lorenz (Giessereitechnik, 1959, 
5, Nov., 331-333) A description is given of 
ree! and casting a bed 85 em wide and 1 m 
deep. ro me 

The actantoad trends in the technology of 
meniting heavy re A P. F. Vasilevskii, 
P. G. Novikov, and N. V. Fiksen (Lit. Proizv., 
‘con (9), 5-13) This is considered from the 
standpoint of extending the use of welded-cast 
structures of universal caissons, of universal 
moulds and patterns, control of cooling opera- 
tions, and of the possibility of extending 
machine moulding to large castings. 

Slightly hardened rolis alloyed with steel 
scrap R. Kamensky (Hutnik, 1959, 9, (11), 
375-381) The technology of manufacture as 
developed in Czechoslovakia is described. 
Steel scrap (80%) and ordinary cast iron (20%) 
are mixed; the resulting Cr and Ni contents 
being approximately 0-65°% and 0-9% respec- 
tively. The surface layers of the rolls have a 
BHN of 330, with a gradual decrease on going 
inwards. The life of such rolls is 75°, higher 
than that of semi-hard cast-iron rolls. The 
moulds into which the rolls are cast are not 
dressed.—P. F. 

The influence of organic binders on the sur- 
face quality of castings J. Ornst (Slévdrenstvi, 
1959, 7, (11), 438-441) Experiments were 
carried out to provide a method for determin- 
ing the best composition of core mixtures. The 
work was designed to give data, in particular, 
of the effects of the use of resol, rather than oil, 
on the surface finish of the casting. Resol was 
found to be superior, except in cores made by 
blowing, when the use of the more fluid oil was 
advantageous. Resol with polyamides is suit- 
able only for the simplest cores. Sulphite 
liquor additions were found to be better than 
dextrin from the point of view of the baking-on 
of sand to the metal. The granulometry of the 
sand is also of prime importance in relation to 
surface finish.—P.F 

Laboratory investigations of shell mouldin 
materials and their relations to industria 
experience M. Lottermoser (Giesserei, 1959, 46, 
Dec. 17, 988-989) The methods of determining 
hexamethylenetetramine content and methods 
of establishing various physical properties are 
assessed. 

Semi-automatic apparatus for knocking out 
cores of cylinder heads V. V. Tatsievskii, K. L. 
Raskin, and B. Z. Aleinik (Lit. Proizv., 1959, 


536) 





8), 24-25) A semi-automatic machine is des- 
cribed for knocking out the cores from cylinder 
head castings consisting essentially of a solid 
frame with a silencer at its upper part, three 
separate hammers, suspended on springs with 
vibrators and a container for the core mixture 
discharged from the machine. 
specifications are supplied. 

An automatic line for knocking out, cooling 
and cleaning castings G. Z. Lipovetskii and 
N. P. Burtsev (Lit. Proizv., 1959, (4), 19-20) 
An automatic line is described with the follow- 
ing principal characteristics: productivity 
3000 kg/h; maximum weight of castings 25 kg; 
speed of conveyor belt 5 m/min Temp. of 
casting on loading into the bucket conveyor 
600—700°; temp. of castings when removed 
60—70°; duration of cooling 103 h; height of the 
charge in course of cooling 12—15 m; 
required, two men. 

Automating the stripping of casting boxes 
A. 1. Zibenberg (Lit. Proizv., 1959, (8), 25-27 
Many designs for the automatic stripping of 
casting boxes are already in service. One of sim- 
ple construction for rectangular casting boxes 
up to 560 x 720 mm, in service at the Gor’kii 
automatic plant is described and drawings are 
appended. 

Mechanizing the knocking out of cores I. P. 
Kaigorodov (Lit. Proizv., 1959, (8), 38) A 
simple device, evolved and introduced at the 
Ochersk Machine Construction Works for 
knocking out cores and pouring gates is des 

ribed. It is driven by a pneumatic ram. Its 
introduction has raised labour productivity 


by a factor of 4-5. 

New types of foundry equipment at the 

Kharkov Tractor Works A. A. Ridnyiand B.1 
Fedy anin (Lit. Proizv., 1959, (9), 21-26) Des 
riptions are given of a line for continuous 
operation for cleaning and stripping castings 
and of its component units; the rotating drum 
for castings from 0-2 to 40 kg; vibration press 
ete 

Measurement of compressed air consumption 
and tests of compressed air piping and dis- 
pensers in foundries “. Drozd and B. Straus 

Slévarenstvi, 1959, 7, ( Methods of 

checking pneumatic a ce in foundries, 
as well as practical aspects of measuring com 
pressed air consumption are discussed with 
special reference to the economies attainable 
through the correct functioning of compressed 
air systems. Appreciable savings may accrue 
even in small foundries.—P. F. 

Ejector for pressure moulds (./. d’Inf. Tech. 
Indus. Fonderie, 1958, (96), May, 11-12) 
Standard dimensions for steel ejectors used in 
pressure die casting are proposed and their 
method of manufacture is outlined.— R.P. 

Radiological control of castings from the 
organisational aspect KR. Parigi (Met. Ital., 
1959, 51, Aug., 349-352) The typical require- 
ments of mass production are briefly referred 
to. Attention is paid to non-destructive test 
ing, particularly by X-rays. Carrying out these 
tests raises organizational problems which 
must be solved if this technique is to be sound 
and viable. The main points to be observed 
are indicated. 

Tolerances in castings by various methods as 
related to the tolerances in machine construc- 
tion S. A. Kazennov (Lit. Proizv., 1959, (8), 
1-5) A statistical analysis of the dimensions of 
castings according to GOST on the basis of 
which the author has worked out a standard 
specification taking into account the system of 
tolerances in use in machine constructions. 

On the standardization of the specification of 
the surface roughness of castings J. Diezek 
(Slévarenstvi, 1959, 7, (11), 441-444) The 
present state of the classification of the state 
of the surface of castings is surveyed, and pro- 
posals are made for the standardization of des- 
criptions of surface roughness. The proposals 

are now being examined in Czechoslovak 
foundries with a view of their eventual use as 
basis for standard specifications.—P.F. 

Instrument for determining the thickness of 
the layer on the mould ©. I. Sosnov (Lit. 
Proizv., 1959, (6), 43-44) The apparatus con- 
sists of a dial connected to a needle which is 
pressed through the layer of heat resistant 
material until it makes contact with the metal 
side of the mould. This moment is indicated 


Drawings and 


Personnel 


by a light and the depth of the layer is read off 
the indicator. 

Stripping of carbon dioxide-hardened sodium 
silicate cores M. Jeancolas and X. Virolle 
(Fonderie, 1958, (154), Nov., 495-504) The 
authors discuss difficulties encountered when 
stripping CO,-hardened cores. They describe 
tests and results obtained with various strip 
ping agents with reference to section thickness. 
Mineral stripping agents are found to be super- 
ior to organic Ones.—R.P. 

Concerning the hydraulic cleaning of castings 
L. P. Solov’ev (Lat. Proizv., 1959, (10), 33-35) 
rhe article deals with determining general data 
characterizing the operation of hydraulic and 
hydraulic-sand jet appliances with a view to 
complete automation of foundry shops. The 
different parameters are tabulated. 

Hydraulic appliances for cleaning castings 
V. M. Zinov (Lit. Proizv., 1959, (10), 31-32) A 
few appliances are described with drawings as 
used at Novo-Kramatorsk plant. 

Principal unfavourable factors influencing 
the work of foundry cleaners and ways of 
improving them L. N. Shkarinov (Lit. Proizv., 
1959, (9), 19-21) Recommendations made by 
the Institute of Hygiene to reduce occupa- 
tional illnesses connected with the work of the 
cleaners in foundries, due to 
muscular strains, etc 

Some factors which affect the quality of oe 
iron crankshafts M. G. Kvasman, A. 
Zav'valov, and A. A. Tunik (Lit. Proizv., ‘aia 
(6), 4-7) Defects occurring in the crankshafts 
fitted to the 2 D 100 steam locomotives have 
been classified according to the position at 
which they appeared and were investigated 
individually, Chemical composition, structure, 
angle of the crankshaft, and the forces acting 
at the respective points have been investigated 
and some conclusions reached for avoiding the 
danger of internal def 

Controlling the cooling of large steel castings 
whilst in moulds I. Vasilevskii, P. 
Novikov, and V. V. Shiryaev (Lit. tan 
1959, (5), 18-19) The Institute of Machine 
Construction has worked out a method of con 
trolling the cooling in the mould, i.e. determin 
ing the right temp. at which the casting can be 
removed without cracks and warping. The 
device consists in the main of a potentiometer 
type EPD-12, a chromel-alumel thermocouple 
with a steel sheath and a wiring system along 
the walls of the shop, the thermocouple being 
introduced into the mould. 

Functional organisation of works operations 
and foundry practice W. von Schitz ((Giesserei, 
1959, 46, Dec. 3, 960-963) Functional planning 
of foundry operations is discussed; and the 
functions of the commercial and technical 
aspects of the foundry plant are considered 
from the point of view of overall planning, for 
various sizes of plant. 

The production of compressed air for foun- 
dries A. Drozd and B. Straus (Slévdrenstvi, 
1959, 7, (7), 258-261) The correct design, 
installation, and operation of air compression 
plant in foundries ts discussed.—P.F. 

Lining a basic cold-blast cupola furnace by 
ramming or by using prefabricated biocks A. P. 
Bargagliotti (Fond. Ital., 1959, 8, June, 217 
220) A description of these two methods of 
lining the cupola furnace is given. The conclu 
sion is that prefabricated blocks are efficient 
and more economical and constitute an ad 
vance in basic foundry technique. 

Coke-oven gas cupola 8. [. Tsukerman and 
Yu. G. Rozenberg (Lit. Proizv., 1959, (7), 28 
31) At the KhEMZ plant, five coke-oven gas 
cupolas are in commission and comparison 
figures are given of coke and coke-oven gas 
cupolas melting the same iron. Thus for five 
consecutive melts, C, Si, Mn, 8, and P contents 
are invariably lower in gas-fired cupolas than 
when coke is used as fuel. Similarly mechanical 
properties such as UTS in bending and Hp» are 
higher. A description of improvements in con- 
struction is given. 

Melting iron on an industrial scale with 
natural gas M. FE. Dolginova and P. M. Alek- 
seenko (Lit. Proizv., 1959, (9), 16-18) Experi- 
ments have been carried out since 1953 on the 
melting of pig iron with natural gas. The shaft 
furnaces designed by Gorozbankin have been 
redesigned and fitted with diffusion burners 
which give a long bright flame. Natural gas 


vibrations, 
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with petroleum oil has a calorific value of 
$000-8700 Keal/m?®, i.e. larger than solid fuel 
and can heat the charge up to 1420°. Descrip 


f furnaces and dimensions 


tion and drawing o! 
are given 

A review of modern developments in cupola 
practice H. J. Leyshon (Brit. Found., 1959, §2, 
Oect., 451-458) The limitations of the cold-blast 
acid-lined cupola are described and the 
advantages of hot bla linings, 
cooling, and oxygen enrichment of the 
are reviewed 4.D.A 

Influence of the method of melting of iron in 
the cupola and of some technological factors on 
the properties of castings |’. N 
A.S. Kuksin (Chern. Metallurg., 1959, (4), 93 
100) With increased temperature 
in the cupola not only does the conte 


st, basic water 


blast 


Sidulya and 
s of remelting 
nt of the 
usual impurities in the pig tron change but also 
the size and shape of the graphitic inclusions 
which are responsible for the mechanical 
properties of the castings os an oxygen 
supply to the tuyeres of 10-12 of remelted 
metal the « rhtly. If 
oxygen is blown on to the pig iron to the 
extent of 3-4 m/t, carbon partly burns. The 
separated lamellar graphite becomes finer with 
increased temperatures, independent of the 
method of oxygen application, because of the 
partial solution of the graphite 
duced by the blast-furnace pig iron 

Limiting control of air blast to the cupola 

M. Kryzhanovskii, V. 1. Vrublevskii, and 

Ya. Soltik ivtomitaka, 1959, 

In Ukrainian] To obtain liquid iron at the 
highest temperature, use has 
made of the limiting character of the functionai 
relation between the temperature of iron and 
the air supply, i.e. of the principle of limiting 
air blast control. Three methods were used to 
control the air blast; by constant weight, by 
volume and by constant CO, content. This 
paper describes another method, i.e. control by 
the maximum temperature of the liquid iron. 
\ diagrammatic scheme is given of an auto 
matic blast control in five stages. 

Experience with conversion pig iron in the 
cupola process F. A. Mishukov (lat. Proizv., 
1959, (5), 5-7) The Duyansk Locomotive 
works has for the last two years gone over to 
charging MI conversion pig iron and low silicon 
irons, and has obtained consistently excellent 
results. The use of 


varbon content increases slig 


foam intro 


(1), 52-57) 


possible been 


conversion Piz iron in 

upola melting changes the process appreciably 
shortens the time of descent of the metallic 
charge, and increases the chemical activity of 
slags, owing to a slight increase in MgO and to 
a reduction in iron oxides. 

Concerning the problem of melting and over- 
heating the iron in the cupola A. V. Kaibichev 
and V. P. Chernobrovkin (Trudy Inst. Metal 
lurg., 1958, (4), 101-106) The oxidation and 
decarburization of the surface layer of the pig 
in its descent into the cupola does not impede 
the melting at its surface. During melting the 
pig descends a considerable distance in the 
running burden. The increase in tem- 
perature of the surrounding space increases the 
surface temperature of the pig, reducing sur- 
face tension, and droplets of iron considerably 
overheated become detached. The height af the 
melting zone depends on the dimensions of the 
pig. It begins at about 700-700 mm above the 
tuyere and finishes nearly in the zone of the 
tuyere. The iron droplets detached in the high 
est temperature zone have a much larger heat 
content than the droplets detached in the 
higher level of the stack 

Changes in the chemical composition and in 
the heat content of iron during its meiting in 
the cupola A. V. Kaibichev and V. P. Cherno- 
brovkin (T'rudy Inst. Metallurg., 1958, (4), 
107-111) Coke has the main effect on the 
chemical composition of the iron. A change in 
the air supply has an insignificant effect. With 
coke above 66% the Si and 8 contents increase 
as well as the losses by oxidation of C and Mn. 
With coke below 66% the loss of Si by com- 
bustion increases~ The greatest loss by oxida- 
tion of Mn and C is observed with a coke supply 
of 44%. If the air supply is increased from 65 
to 100 m3/m?*/min. the greatest overheating of 
the metal for tapping is obtained with a coke 
supply of 22%. 

The use of calcium carbide in pig iron pro- 
duction L. M. Marienbakh (lit. Proizv., 1959, 


loose 
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10), 10-11 \ report of the practice in the 
USA and Germany in the use of CaC,. It may 
be blown into the ladle with N, where it 
reduces the S content, and increases both the 
of pearlite and the tensile strength, or 
njected through the tuyeres, when 


amount 
it reduces 
S content, and raises the metal ee ar 
vithout increasing the FeO content of the slag 
Centrifugal blowers used on cupolas M. 
Gregoraszezuk and L. Zurawski (Prz. Odlew. 
1959, 9, (7), 206-213) An outline of the theory 
f centrifugal blowe riven, as they are con- 
idered the most freqi iently type of 
upola blower, against a background of the 
main functions of blast in the cupola. The con- 
ditions of operation of a cupola blower system 


” 


used 


and an analysis of it are also given. 
Charging and preparation of cupola charges 
oulon (Fond. Belge, 1959, 29, May, 134 
138, 144) The possibilities of introducing auto 
matic preparation and charging are discussed, 
with reference to examples in industry. 

The effect of moisture in the cupola blast 
I. Sakuma and S. Sonoda (Jmono, 1959, 31 
, 589-595) The humidity 
varied from 25 to 4-10 g/m? by 
With increasing moisture, the 
arburization and phosphorus content are 
reduced; moisture affect the 
mechanical properties and microstructures of 
the iron K.E.J. 

Saving of coke by preheating the combustion 
air in cupolas A. a (Metalurg. Constr. 
Vasini., 1959, 11, (6), 471-477) In view of the 
fact that nearly 50% of the heat supplied to 
cupolas is wasted in the gases, 30 
40%, savings in coke can be obtained by pre- 
heating the combustion air 


’ 
June of the blast was 
using silica gel. 


tapping temp., 


variations in 


escaping 


The article reviews 
the various systems in use. 

The calculation of the carbon content of 
cupola cast iron BR. Krzeszewski (Prz. Odlew., 
1959, (6), 163-172) The article deals with the 
calculation of carbon content of cast iron using 
the carbon content of the charge as well as the 
P and Si contents of the iron. In calculation, a 
method of estimating carbon pick-up in the 
cupola is suggested. 

On the results of 5-ton hot-blast cupola 
operations K. Takahashi, Y. Yokoi, and 8. 
Horiba (Jmono, 1959, 31, June, 596-604) Full 
details are given of ac upola using a recuperat- 
or, in which a hot-blast temp. of 350° to 430°C 
was easily obtained. The melting efficiency was 
36°1%, and combustion efficiency 82-3%. 
Absorption of carbon depends largely on coke 
quality. The cupola system gave improved 
castings and more accurate control. K.E.J. 

Development tendencies in cast iron melting 
techniques B. Thyberg (Gjuteriet, 1959, 49, 
(11), 293-294, 297-298, 301—302, 305) In dis- 
cussing Swedish foundry techniques, the new 
low-frequency electric crucible, electric fur- 
nace and cupola melting, hot blast, high-C coke, 
and calcium carbide cupola techniques are 
considered (13 refs), 


HEAT-TREATMENT AND 
HEAT-TREATMENT FURNACES 


Modern automatic gas carburizing of trans- 
mission parts G. M. Travers (Met. Treating, 
1959, 10, May—June, 2-3, 47—48) In the instal- 
ae described a central rectangular loading 
area earburizing furnaces of the 
1utomatic two-zone type and two tempering 
furnaces. After treatment, parts are 
matically conveyed to a washer to elin 


serves six 


auto- 
inate 
yuenching oil and are progressively moved 
through a tempering furnace. A.G. 

Cassone ey rong (Revue Méch. Elect 
1959, 43, July-Aug., 81-88) A brief 
f the process and the 
in usteated 
nstallation 

Automatic surfacing and hardening of work 
rolls and shafts M. A. Tyikin and V. I. Sivak 
Svarochnoe Proizv., 1959, 32, (10), 38) Tech- 
surfacing and hardening of rollers of 

ler tables, work rolls of roller straighteners, 
and sundry shafts are discussed M.T. 

Heat treatment of rolls by medium-fre- 
quency induction furnaces 2. Para! and J 
Valenta (Hutnik, 1959, 9, (7), 231-232) 
Czechoslovak equipment for surface hardening 
of large rolls, operating at a 
1000 e/s, is described. 


f diseussion 
problems it raises and 


description of the Ripoche 


niques tor 


frequency of 
For rolls of about 28 in. 


dia. an output of about 600 kW is required. In 
some cases the life of rolls hardened by this 
method exceeded that of similar rolls hardened 
conventionally by almost 100° P.F. 
induction heating plants . Hohne (V DIZ, 
1959, 101, Nov. 21, 1606-1607) A review, with 
illustrations, of inductive heating equipment 
for forging and hard and soft soldering, shown 
at the 6th European Machine Tool Exhibition 
in Paris in September 1959 
Decarburisation of carbon steels by hydrogen 
at high temepratures and pressures 5. L.. Skop, 
P. Teodorovich, and V. V. Ipat’ev (Zhurn. 
Priklad. Khim., 1958, 31, (12), 1894-1897) The 
dependence of the induction period on the 
pressure and temperature has been experi- 
mentally determined. The value of the 
stant given by this relation corresponds to that 
given in the literature 


con- 


An empirical formula is 
gested for calculating the depth of de 
carburization of a 
between 400-500 
hydrogen. 
Continuous 9 mE annealing A. G. 
Sturrock (Met. Prog., 1959, 15, May, 103-105) 
\ continuous furnace for heating and 
cooling installed by Surface ¢ om others n Corp 
at Chicago is described. 
through automatically, 
tures being pre-selected. 
are controlled. 
Transfer furnace integrates heat treatment of 
tractor components Caterpillar Tractor Co. 
futom. Prog., 1959, 4, Aug., 261-262) A con 
tinuous electric furnace with work-handling 
mechanisms for the cycle-annealing of forgings 
before machining is described 
Steel and wire annealing plant (Mech 
World, 1959, 139, April, 156-157) The installa 
tion of Kayser, Ellison, and Co. of six vertical 
pit-type furnaces, to take 2 
6 ft high, tired with town’s gas is described. 
Controlled atmosphere annealing J. Mc 
Mullen (Metalw. Prodn., 1959, 103, Aug. 28, 
1325-1327) Stress-relieving of transformer 
steel and vacuum annealing are reviewed. 
Bright annealing ribbon stock and wire A. G. 
Arend (Wire Ind., 1958, 25, Dec., 1168) An 
electrically heated bright annealing furnace is 
described with heating coils inside and outside 
the charge. More uniform temperature and a 
shorter heat time are claimed as benefits A.G 
Structural changes in the annealing of 
plastically deformed s.g. irons I. Cornea and 
S. Zamirca (Studii Cercetari Met., 1959, 4, (2) 


alae sug 
steel lamina 6 mm thick 


under different pressures of 


Charges are carried 
times and tempera- 


Atmospheres supplie d 


ft 7 in. coils stacked 


(2), 
181-187) Specimens with identical metal base 
structure and with similar heat treatments 
developed different ferritic structures, the 
most pronounced difference being in those 
specimens which experienced the greatest 
plastic deformation. The presence of the 
phosphorus eutectic inhibits pearlitic decay in 
its immediate proximity but this effect is par- 
tially or totally cancelled out by the strong 
tendency of laminated irons to ferritization. 
Correction of structure and the fracture of 
casting alloy steel by heat treatment N. A. 
Kompaneitsev and V. D. Sadovskii (7'rudy 
Inst. Fiz. Met., 1958, (20), 329-338) There 
exists a particular critical temperature in the 
austenitic range with work-hardening during 
the alpha-gamma transformation at which the 
recrystallization of austenite 
of this resides in the 
this temperature the secondary 
structure which is the physical cause of the 
inheritance by the casting steel of the 
grain, is completely destroyed. The original 
structure of the 
methods of 
grain structure. 
pearlite—troostite 
to correct the 
with one 
while the 
bainite 


occurs, a he 
fact that at 
intergranular 


significance 


coarse 


cast steel predetermines the 
combating this inherited coarse 
Thus  ferrite—pearlite or 
structures make it possible 
structure and the brittleness 
heating above the critical poin 
acicular§ structures martensite 
require special methods for correcting 
fracture and structure of the steel 
Recrystallisation of low-carbon steels under 
rapid induction heating B&B. A. Kuznetsoy 
Vetallov. Obra. Met 1958, (2), 28~-35) Low 
alloy steel with a 0-12°.C content served for 
the experiments; frequency 8000 
*yeles. The temperature varied between 600 
900° and the rate of heating was also varied. 
Quenching in water followed. The effect of the 
rate of heating on recrystallization temperature 


current 
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structure and 1 he il propel 

investigated and optin 
ditions for continuous annealing of cold-rolled 
strip established. 

The effect of annealing at temperatures of 
250-400 C on the fatigue strength of D 60A 
wire for ropes determined by statistical methods 
B. Baranowski (Prace Inst. Hutr 1958, 

6), 349-359) Experiments were carried ou 
old-drawn 2:5 mm dia. steel wire 
tion 0-58°.C, 0-57 Mn, 0-18 
0-022°.S, 0-059° Cr, 0-035 Ni, 

for pit hoist ropes. The fatigu 

lated from the mechanical pro 

and Dixon’s staircase method 

ent 0°5 (a9..-+ Gur)d as a ealeulk 
which 09-2 = 0-2, proof stre 
6=elongation. It is shown tha t 
18%, in the fatigue limit 
annealing at 370 C for 

tion of the increased life « 

wire so annealed is required 

Phenomena occurring in the quenching and 
oe of steels G. V. Kurdjum JIS 

1960, 195, May, 26-48) [This 

Development of the production of high quali- 
ty seamless tubes for petroleum eagrenanen 
and for geological —— P. Pejéoch and 
J. Cerveny (*Hutn. Listy, 1958, 13, 1), 2-8 


and on the 


ties has been in 1 


issue 


Mn-steel tubes for oil well bores and a 
quality for geological purposes (API qualit 
produc 


N80 and FE, or GOST Em and E) ar 
and thin-walled grades are temy 
normalized, thick-walled grades 
normalized at temperatures relates 
thickness. These relationships are dis« 

New quenching bath chemical \! 
1959, 10, May-June 
rhe material named Hannite gives a colourle 
stable solution whose quenching pr« 
vary with the concentration, a 0-5 solution 
being similar to ordinary quenching oils.—a.G. 

New oil cleans as it quenches (Jron Age, 1959, 
184, Aug. 6, 81) Gulf super-quench oil has beer 
used to quench case-hardened parts and is said 
to give clean finishes through rapid cooling in 
the critical range. 


et reating, 


pertie 


In addition slower cooling in 
the final stage of quenching minimizes distor 
tion and maintains tolerances.—a.G 

Manufacture of oil-quenched spring wire and 
its properties F. Bleiléb and E. Sehuckes 
Stahl Kisen, 1959, 79, Oct. 1, 1392-1398) The 
quenching and tempering plant is described 
and illustrated. The wire is preheated t 
500°C in a Pb contact bath, then resistance 
heated to the austenitizing temperature, about 
900°C, quenched to 200°C in a Pb-Sn bath and 
finally quenched in an oil bath at 50-70°C and 
tempered in a Pb bath at 450-500°C. The 
properties of wire heat-treated by this proces 
are compared with those of patented wire, with 
special reference to torsion and bending tests. 

Reduction of warpage by die quenching of 
steel T. R Bradley (Met. Progress, 1959, 76, 
Aug., 71 The use of dies to hold parts i 
shape ae quenching is described 

Effect of heat treatment and fabrication on 
i 0 pressure-vessel steels A. |. 
ae yin, J. H. Gross, and R. D. Stout ches J... 
1959 2 April, 182s-187s) An exte yn 
work in a previous paper (7bid., 1958, "37, 4), 
160s—168s), on the effects of accel 
ing from austenitizing temp. on 
impact properties, to the effects « 
this treatment on the properties of fal 
steels (C and low-alloy) showed that i 
ment in strength and toug | 
ed by accelerated cooling fo , 
to stress-relief temp. 

Hardening by isothermal heat- croatmont J 
McMullen (Metalw. Prod., 1959, 103, 
1471-1473) A general discuss 
tempering and 


‘ 
‘ 


lerated 


martem pe rir 


ROLLING MILL PRACTICE 
er — expansion rd _the South 


L Moble Iron Stee ng., 1 », 36, Ma 
94-96) The expansion and Saslaaiis 
gram carried out mn 


Steel 


recent vears 


plant of Rupublic Ste ot Corp. is de 
cribed in relation to flat rolling iliti 

Future trends in nt mill practice and 
ag W. M. Larke and D. Bell t Me 
Ind., 1959, 36, Mav, 367-377) Certain advar 





pointed 
lesigned ut i 
yutlined; mo auto! 
be installed. Faster 
become feasibk I 
New rolling mills in the U.S.S.R. 
lselikov, : okotvan, and | 4 
Vetallurg, 21 25 
USSR in fi 
eld will be 
muous wire 
Caleu 
the productio 
s m thick 


n relation to car 


nal costs per t of me 

f mill, the best 1 
Outpu 

> 


250 t/h or 3-5 mi 


2100 n 


q lupment t 

ight of slabs 
15-5 t and rolling 
These basi 

ie strip mi 
the figures 
Phe article 
lanned tube mulls and 
old rolled t Detail » give 
20-roll stand for rolling strip, a ball rollin 
ind a 3-roll stand for rolling crankshafts « 
axles R.S. 

Rolling mill practice in Eastern Germany | in 
the years 1949 1959 H. Kurda (Neue Hiitte., 
1959, 4, Sept., 525-529) Data are given of 
rolling mill equipment in 
period, 

The effect of rolling practice on the micro- 
structure of hot-rolled 08 kp steel plates \. k 
Barzii (Stal’, 1959, (11), 1013-1016) The oceur 
d irregular structures in 
ontinuous hot-rolled sheet was investi 
Of the factors examined, final rollir 
ind reduction at the last stand were fe 
be eritical. Wear of the backing rolls also leads 


talled during tl 


rence of coarse-grain 


fall off of quality as does slow cooling 
Rolling should be finished above the Ar, 
point and reduction at the last stand should be 
at least 15‘ Harder backing ( 
nended. 

Investigating the operation and moderniza- 
tion of the feeding apparatus of the Pilger 
rolling mill S. N. Kozhevnikov, V. V. Martyn 
enko, and A. V. Prazdnikov (Chern. Met 
1959, (3), 143-155) A re 
experimental work aimed at determining the 
rmity of the feeding 
apparatus. The findings show among other 
causes, that the braking unit does not ensure 
rapid braking of the mass in motion at u 
operational speed of the eding 
assembly, and that the 1 trans- 
ferring the carriers does not work I 
formity in each working cycle 
either the overloading of the 
incomplete utilization) also manual control 
and the lack of synchronization are present. A 
number of suggestions for eliminating these 
shortcoming 

Re-motoring of a — a yineer, 1959, 
208, Sept. 11, 231- 232; Elect Nn 1908, 908 

Sept. 3, 145) The sen owcor of the motors 
and other equipment of the Ebbw Vale mill iz 
19 days is briefly described 

An analysis of me mechanics of cold = 
rolling 1). Jortner, KF. Osterle, and ¢ 
Zorowski (Jron ity Hany 1959, 36, May, 127 


An experir 


to some 


rolls are recom- 


llurg 


deseription is en of 


eauses of non-unift 


reased 
echanism ‘ 


main line 


sis otfered. 


erified theor s pre 


sented by means of v ch power requiremer 


rredicte 

applications 
descriptive 

The hot-rolling of thin, wide strips on mills 
with reelers placed in furnaces V. 1. Bai 
\ P. Fedin, V. G. Drozd, L. V. Shehep: 
and 8S. D. Markov letallurgq., 
26) The 
ts kind commiss 
August 1957 at 
cal Plant 

Electrical equipment for a modern sheet 
temper mill D. 1. Rea (ron Steel Ey 1959, 
36, May, 97-109) Factors in the design and 


selection of this equipment are described with 


1959, (6 
description o 1e first installat 
in the So 


o-Lipetsk 


Electrics of a s omper mitt BHP 1 
6, I) lee,, 18-19 Ihe of 
Kembla tinplate | 
Machine forms giant tubes i in one pass, with- 
out welding (/ron Age, 1959, 284, 


lo] Phe ert 


ad rate ut ‘ 

Roll pass design tor the manctacture be 
— -section welded tubes | Ik. M. Kr 

tal’. R ‘ 


1959, 160 


seneanion roll life and the productivity of 
cold rolling mills for tubes || evakir 
, 1959, 9, 18-22 


Hutnih 


O-O0O8-0-005 


The time required for rolling in Mannesmann 
7 tube mills J. Kolbaba t 
227-231 ( rr 


determina 


drawing 
_ Thinner gauge pipe tens csleat weld plant 
: ld, 1959, 160, Aug. 22, 5¢ riet 
lesen m of aeok « ng mie ! ( 
pe continuously ¢ 

Steel P. r Co., Claydor 

now technological rolling Lee 

ke ini, I R 

(Me tallurg, 1959, 3), 2 
pipes makes it possibl 

nder pressure and to pro 
uniform wall thickness along the 

A scheme is given for in 
the butt welding of pipes. Contir 
blanks 200 mm square 
productivity of a slabbing mill an 
appreciable alterations in the existing 
and medium section mulls. Suggestions 
offered for 
mill stand to 
blanks, increased rx 


talling a 


ot square 


ersal plan 


creased wei 


Improving h ul 
operate with 
lling peed and of mech 
ring and automating the rolling and 
production 

Spare motor drives new mill (// 
1959, 136, Aug. 13, 42) A note 
the 48 in. 1 ill at Stewarts 
actuated b 7500 hp 1 
plied as a spare for the 42 i 

Enquiry into the cooling surtaces of = 
mill trains Bonaud ul Doc. léy 


1958, 15 2289 


assed. ‘ 
New plant at Coshocton, Ohio, expands 
Universal-Cyclops stainless strip capacity (/r 
Steel Eng., 1959, 36, July, 142-143) This plat 
a capacity of 20000 t an 


strip, al i le ent the 
ce 
The new plant of ‘Altos Hornos de Vizcaya’ 
Vet y Elect > 19589, 3, Sept., 102) Th 
stalled at | 
V Altos 
nd sasco > with the 
within the ogramn 
eribed S.H. 
Rees acme the continuous blank mill c 2. 
lae \ 1959, 
lant 
a 000 hr ( 
220-t pendulum 
shears t« i of Ve efec e ends 


or witl 
of strips 


sixth stand, steam 
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Hot mill water reclamation holds use to well 
capacity (Stec/, 1959, 144, June 29, 84) The 


tr 


The production of pipes for gas and nn pipe- 
lines hk 


“are xX! 
The importance of rolling reducing mills in 
the manufacture of seamless steel tubes 
nmck Hutnik, 1959 4), 161-164) The 


irra! 


io t being controlled 

Production of thick- walled blanks on tube 
rolling mills A. P. I\ rv (Metallurg, 1959, (3), 
28-31) Experiment t if email 
are ad ribed 


Works 
where sleeves ave een pro- 
duced nee Wo | iercing round blank 
250 mm in dia. o et 2 70-5 mm 
ding to a ratio of abou 26. At the 
tube ling is, cperiments have 
since 57 to du vecially thick 
se" ry tubes " rolling 1 
Ihe findings of the d further ex 
ation on an industrial s 
The yy ey oe of “Higner drives 
ghegyi (Acta Techn., 1959, 24, (1-2), 45-83 
t deals with the dimensioning of 
ors, and includes two graphic 
é I 18 ilating rolling character 
istics and mot« rn ut. The dimensioning of 
the transformer group is then developed from 
theoreti final section 
i usses the deterr iation of minimum inter 


il relationships, and the 


and the mimimun 
transiormer grouy 
etwee as Sret 
Measurements on the drives of a reversing 
cold rolling mill J. « and R. Hagel (Prace 
Inst. Hutn., 1959, 9-105 Firetly the cold 
y i steel works is des 
odihcations intro 
trial rolling. The 
tails such as the 
functions and 
Iring testing 


a rements 
king con 
provi 


steel mill drives 
Steel Eng., 1959, 36, J 


i ray l t iwcoupl 
Using an electronic comeutart to rune —_ 
at the hot saw in a rolling mill (L/S 
141 {1959}, p.1) Use of the 
puter » selec lengt! to 
ders 1 é are estimated. 
‘ Aatouaiie contre! of rotating shears and 
— tables in rolling mills . Gols 
’race Inst Hutn., 195! 


perating 
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shears and an electric circuit diagram using 
photoelectric cells are considered. Finally a 
description of the circuit used in the ‘Florian’ 
steelworks and details of construction of parts 
of the apparatus are given. 

Large slab shear (Lngineer, 1959, 207, June 
19, 959) A note on a shear with a cutting 
capacity of 2000 t with 2000 mm blades and 
max. stroke 500 mm recently 
Swedish steel works. 

Card control catches on at automatic hot 
mills (Steel, 9159, 144, May 4, 92) Increased use 
is reported of punched card systems provi ling 
automatic rolling and sequencing in hot mills. 

Process programming of automatically con- 
trolied rolling milis Ic. H. Browning and H. G. 
Frostick (Jron Steel Eng., 1959, 36, July, 107 
117) The trends of development ot process 
programming from the points of view of the 
electrical equipment manufacturer and the 
steel mill engineer are reviewed. 

The Tallimarker (2/SRA Summary 139, 
1959, pp.3) A system recording the history of 
an ingot in passing from soaking pits to hot 
banks is briefly described. 

The directions of development of roiling mill 
automation in Poland It. Hayel and J. Jonca 
(Hutnik, 1959, (5), 190-193) The article can be 
summarized under the following 
Advantages and conditions of 
automation today; automation or primary 
reversing mills, non-reversing plate mills, 
large, medium, and small mills, wire rolling, 
hot rolling of strip, cold-rolling mills, and tube 
rolling. Finally conclusions are given. 

inspection of steel plates at the Volta 
Redonda pliant of the National Steel Co. of 
Brazil P. Silva (Bol. ABM, 159, 15, July, 411 
440) The author, chief of production and 
inspection of the plant, discusses various 
questions governing quality of products and 
lays down in detail the processes and personnel 
necessary and their relative responsibilities. 
He justities the detail by the scarcity of liter- 
ature on the subject in Brazil.—s.H.-s. 


installed in a 


headings 
automation; 


WELDING AND FLAME CUTTING 


Cast iron welding K. Fairweather (N.Z. Eng., 
1959, 14, March 15, 95-98) Factors in success- 
ful welding, oxy-acetylene, bronze, and are 
methods and special irons are considered. 

Weldable structural steels L. Thomas (Tekn. 
Ukeblad., 1959, 106, Nov. 26, 985 993) The 
system of classification of the weldability of a 
structural steel based on a quality scale is dis 
cussed and criticized in detail. 

Remarks on the recommendations of 
institut International de la Soudure for the 
choice and classification of steels for welded 
structures A. Audigé (Soud. Techn. Connexes, 
1959, 13, May-June, 203-206) The author 
comments on the document with the above 
title which appeared in the previous number 
(3/4), and which is the second edition of the 
recommendations published in 1956. 

Recommendations concerning the choice and 
classification of steels for welded structures (/’iv. 
Ital. Saldatura, 1959, 11, July-Aug., 163-167) 
The nears Bt apply only to rolled 
constructional steels—mild steels and C-Mn 
steels welded by the electric arc process using 
electrodes for normal penetration. 

New developments in welding stainless steels 
G. E. Linnert (Met. Prog., 1959, 75, June, 127 
128) Abstracts are given of three papers read 
at a meeting of the American Welding Society, 
dealing with weld metals of modified type 347, 
Cr—Ni—Mo hardenable stainless steel and the 
corrosion resistance of CO, welds. 

Welding of Toros steels A. Brebera (Zvaranie, 
1959, 8, (8), 236-238) Methods of electric 
resistance-welding and electric arc-welding 
suitable for concrete reinforcing — as used 
in Czechoslovakia are discussed.—P. 

Heating and cooling of nay during friction 
—_ welding N. N. Rykalin, A. I. Pugin, and 

A. Vasil’eva (Svarochnoe a roizv., 1959, 32, 
ca 15-18) A study was made of the nature of 
the heating of the zone around the contact 
surfaces during friction butt welding of 20 mm 
dia. mild steel rods at a specific pressure of 
0-8-0-9 kg/mm? and a rotation rate of 1400 
revs/min., and of the initial distribution of the 
specific heat flux over the surface of contact. A 
method of calculating the thermal cycle was 


evolved which agreed satisfactorily with ex 
perimental measurements.—M.T. 

Electric slag welding of turbine discs in 
austenitic and pearlitic steels M. M Timofeev 
and E. P. Molchanov (Svarochnoe Proizv., 
1959, 32, (11), 19-21) The technical feasibility 
and economic advantages of fabricating discs 
from unlike steels instead of producing discs of 
all-forged construction are shown.— M.?. 

Combined assembly and welding piant for 
welding pipe sections under field conditions 
D. A. Dudko, E. M. Vinogradsky, and S. V. 
Egorov (Svarochnoe Proizv., 1959, 32, (3), 7-8) 
The article des experimental and de- 
velopment work on a machine to assemble and 
earry out submerged are welding on both sides 
of the pipe simultaneously. The 
developed operates with the following para- 
meters: ‘urrent 600 A (reverse polarity) are 
voltage 32 V, welding rate 26-28 mm/h, elec- 
trode gap for the internal bead 8 
for the external bead 6-$ mm.—™M 

Construction of superheaters for high- power 
boilers P. de Marneffe (Rev. Univ. Mines, 1959, 
15, July, 649-661) The use of heat resistant 
steels for superheater components is discussed, 
with particular reference to their welding. 

Some special features of the processes in the 
gaseous phase during welding with a ceramic 
flux Db. M. Kushnerev (Svarochnoe Proizv. 
1959, 32, (8), 8-11) The value of the free reac 
tion energy is not always a true criterion to 
assess the role of the flux components in the 
reduction of partial Hy pressure in the gaseous 
phase unless the concentrations of the reactive 
components is considered. Calculation and 
experimental determination of the H, content 
in the molten metal show that the H, 
in the are column may be further reduced by 
the O, content of the ceramic flux (manganese 
ore base) or of the gaseous dissociation pro- 
ducts of CaCO, (marble-base flux). Heating of 
marble-base fluxes at 700°C during their pre- 
paration increases the H, content of the molt- 
en metal, and they should be heated at lower 


ribes 


machine 


“i mm and 


pressure 


tem M.T. 

Welding and weld joint inspection in the 
construction of the oil pipeline between 
Wilhelmshaven and Cologne H. Winter 
(Schweissen Schneiden, 1959, 11, July, 270- 
279). 

Automatic welding of autoclaves of 1Kh- 
18N9T steel in a carbon dioxide atmosphere 
V. N. Bolchenko (Avtom. Svarka, 1958, (12), 
76-81) An account is given of the method 
evolved at the Zhdanov Metallurgical Insti- 
tute for making autoclaves from this steel, 1-5 
1-6 mm thick and of the welding operations 
under a CO, atmosphere. 

Electro-slag welding of large rings of large 
cross-section from 1Kh18N9T chromium 
nickel-titanium steel B. 1. Medovar and A. N. 
Safonnikov (Avtom. Svarka, 1958, (12), 35-49) 
The electrodes for acid-resistant rings must be 
prepared from IKhI8N9T steel with a very 
low carbon content in order to ensure resist 
ance of the weld to corrosion. For rings resist 
ant to cold brittleness, electrodes from the 
normal type of IKhISN9T steel must be used, 
and for heat-resistant rings the steel must be 
given an increased carbon content. 

Some probiems of the technology of beading 
with ribbon electrodes F. A. Khomus’ko 
(Avtom. Svarka, 1958, (12), 28-34) Experi- 
ments are described for welding with ribbon 
electrodes up to 100 mm wide with currents up 
to 1800 amp. Results show the feasibility of 
using such wide electrodes with strong currents 
direct or alternating, and the possibility of 
using these ribbon electrodes made of Kh05 
and 50 KhFA steels. 

Hydrogen and welding R. Clement (Acero 
y Energia, 1959, 16, July-Aug., 56-62) The 
action of the H, content of electrodes and its 
effect upon the porosity and elasticity of welds 
and the adjoining areas of iron and steel is des- 
cribed, with seven graphs depicting defects 
(fissures, fisheyes, etc.) arising at temp. of 
2500°-4000°C, and with varying rates of 
cooling.—s.H.—S8. 

Scientific research at the Bauman Welding 
institute G. A. Nikolaev (Svarochnoe Proizv., 
1959, 32, (9), 23 26) A brief description is given 
of research work in progress on residual stresses 
and deformations during welding, new physical 
methods of making joints (e.g. electron beam 
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welding), resistance welding, gas 
quality control, and the strength of 
during welding.—-M. T. 

Welding stresses in a writ main deck 
R. Gunnert (Svetsen, 1959, 18, ( 17-19) With 
the aim of determining the lich of weld- 
ing stresses in a vessel’s main deck and how this 
amplitude changes during a number of years 
in service, measurements were made ot the se 
stresses in tankers. The present article des 
eribes the continuation of research work 
already written up in two previous articles by 
the same author (1952, (2), and 1956, (6). 
Measurements were made at Goteborg on 
tankers of 18000-25000 t. It is shown that a 
normal state of stresses is ay parent op the 
outer side of the deck plate which changes the 
tensile stresses in the outer surface of the weld 
to nil or into small 
Simultaneously on the 
an increase in tensile 
increase in the amplitude of which depends on 
the welding method used. The reduction in the 
value of tensile stresses and the formation of a 
of the 
plate should have only a beneficial effect, but 
in the tensile stresses on the inner 
side could well result in promoting the appear 
ance of cracks and brittle fracture, if there 
happens at the same time to be a fault in the 
material on the inside.—-M.T. 

The mechanical properties of welded joints in 
10G2SD(MK) steel V. Yu. Shishkin, \ 
Makurin, D. I. Navrotsky, and V. N. Savel’ev 
(Svarochnoe Proizv., 1959, 32, (3), 12 15) The 
article describes experiments in submerged are 
welding of plates (8-54 mm thick) of this 
bridge construction steel (0-12°.C, 1-3 
1-65°%,Mn, 0-8-1-1°% Si, 0-04°,P, 0-04° 5S, 
0°30°%,,Cr, 0°30° Ni, 0-15-0-30°,Cu) to 
determine the optimurn welding parameters. 
Measurements were made, both on the basic 
plate material and also on the welded joints, of 
the physical and mech. props, including the 
tendency to cold shortness, temper-brittleness, 
and ageing, as well as the fatigue properties of 
notched specimens. The relationship between 
the tensile strength and the fatigue limit was 
found and a study was made of the effect of 
stress concentrations on the fatigue stress. The 
steel was found to have good weldability and 
may be used for bridge span constructions. 
Various electrodes and fluxes are recommend- 
ed. The ratio q:v should lie between 4700 and 
13400 cal/em. Welds may be obtained of even 
strength under both static and cyclic loads. 

The influence of the flux on the properties of 
welded joints in high-strength steel K. V. 
Lyubavsky, B. N. Bad’yanov, and G. F. 
Chepelyugin (Svarochnoe Proizv., 1959, (2), 
23-25) Difficulties have been experienced in 
obtaining a sufficiently high level impact 
strength of the weld metal during automatic 
submerged are welding of certain high- 
strength steels. Experiments have been con 
ducted in increasing the impact strength of 
such a steel by affording increased protection 
against oxidization by varying the composi 
tion of the flux. The changes in C, Mn, and Si 
and their assimilation factors were studied, 
and the connexion between impact strength 
and ©, content of the metal was determined. 
Best results were obtained from a non-oxidiz 
ing ceramic flux, consisting of fluorides with 
the addition of Al,O0,. Good quality welds were 
obtained with uts 1 12 2-115 kg/mm and impact 
strength 10 kg m/em?. 

investigating the kinetics of austenite dekay 
in steels during the heat cycle of welding N.N. 
Prokhorov, E. L. Makarov, and V. I. Gos 
podarevskii (Zavods. Lab., 1959, (2), 164-166) 
A dilatometric method of investigation is des 
cribed in which the conditions of heating and 
cooling the metal in the zone adjoining the 
welded joint make it possible to assess the 
tendency of the steel to form cold cracks during 
various conditions of the process. 


The strength of spot welds in steels 30Kh- 
GSA, 12G2A and E1659 with subsequent elec- 
trical heat treatment H. A. Maslov and B. S. 
Zolotarev (Svarochnoe Proizv., 1959, 32, (8), 
21-26) Methods of carrying out heat treatment 
of spot welds on the welder itself are outlined. 
The provide satisfactory mechanical properties 
under static and dynamic loads, reduce the 
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brittleness of the centre of the spot, and the 
residual stresses, and sharply increase the tear 
strength with only a relatively slight reduction 
in hardness.—™M.T. 

Strength of components repaired by welding 
S. Wise (Brit. Weld. J., 1959, 6, Aug., 345-350) 
Fatigue resistances of parts of mild or high- 
tensile steel repaired by welding are examined. 
Examples of failures in service and the signifi- 
cance of internal weld defects are discussed. 
The importance of the correct planning of weld 
repairs is stressed. 

The present state of development of flame 
cutting equipment and flame cutting technology 
in the metallurgical industry of the German 
Democratic Republic ©. Kiirschner (Zvar 
Sbornik, 1959, 8, (2), 131-147) [In Slovak 

Investigation on the cuttability of sheet, 
especially dynamo sheet H. Peter and R 
Neider (Mitteilungen der Forschungsgesell 
schaft Blechverarbeitung e V, 1959, March 20, 
57-66) Factors influencing the life of the punch 
used in cutting sheet are enumerated, and an 
yptical method is described for measuring the 
height of the burr formed in punching, which 
is taken as a measure of the cuttability of the 
sheet. Factors affecting punch life are con 
sidered. 

Piercing holes in steel by means of the oxy- 
acetylene cutting blowpipe 2). Zorn 
Schneiden, 1959, 11, May, 171-175) The range 
f application and operational data relating to 
the technique are given (7 refs). 

Oxygen cutting, gouging and machining 

1 WS bibliography, 1958, pp.5) References are 
given to papers in the Welding J. since 1937 

Oxygen cutting of cast iron J. Holtorp (Prz 
Odlew., 1959, 9, (7), 225-226) The author deals 
with the need for and difliculties of oxygen 
cutting in the steel industry. He describes a 
new method where steel powder is introduced 
into the Og stream. 

Oxygen lance for boring through solid steel 
P. N. Vasenkov (Metallurg, 1959, (5), 27-28) 
\n explanation and diagram of a lance operat 
ing with oxygen at a pressure of between 
6-7 atm. The intensity of boring depends not 
only on the oxygen pressure but also on the 
dia. and the length of the heated tube. A tube 
8m long and 16 mm internal dia. burns after 
3-5 min with oxygen under a pressure of 
5 atm. and during this time a 400 mm deep 
hole has been bored. 

Use of inert gas in oxygen cutting G. 
Gronier (Techn. Mod., 1959, 51, April, 210 
212) The advantages of the Heliare and fusible 
electrode processes are discussed and com- 
pared, with reference to the cutting of non- 
ferrous metals. 

Powder cutting of stainless steels with the use 

of natural gas 1. D. Davydenko, G. F. Kuli- 
chenko, and M. M. Eremenko (Svarochnoe 
Proizv., 1959, 32, (10), 31-33) Experiments 
were conducted with natural gas containing 
97-7°,CH,, 1-69 Ng, and 0-7%CO, in the 
cutting of steels up to 90 mm thick. Drawings 
and descriptions of the cutters used are given. 
Cutting regimes and safety 
indicated.—™M.T. 
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Handling waste sludges J. F. Zievers and 
». W. Riley (Plating, 1959, 46, Aug., 924-928) 
After the pH value of waste has been brought 
to the appropriate value, the sludge problem 
can be treated in six ways: (1) Dumping the 
neutralized waste down the river. (2) Lagoon- 
ing the waste. (3) Clarifying and lagooning the 
waste. (4) Clarifying and vacuum filtering 
(5) Clarifying and centrifuging, or (6) filtering 
the wastes in direct pressure filters. After dis- 
cussing the relative merits of these methods, 
the authors consider the advances made in 
direct pressure filtration in more detail 

Disposal of plating room wastes R. V. Day 
(Plating, 1959, 46, Aug., 929-931) The effect of 
plating room wastes on the sewage disposal 
system and how the various waste constituents 
are removed in the treatment plant. are dis 
cussed, also the basic chemical reactions 
involved in the oxidation of cyanide wastes 
with Cl, and the reduction of chrome wastes 
with SO,. The basic plating room waste treat 
ment schemes are then presented and briefly 
discussed 


The nature, cause and effect of the porosity 
in electrodeposits. 1V. Influence of gas bubbles 
on the formation — pores F. Ogburn and D. W 
Ernst (Plating, 1959, 46, Aug., 957-958) By 
using an experimental procedure that, in the 
author’s words, ‘differed greatly from typical 
plating procedures in several ways’, they have 
been able to obtain photomicrographs of the 
enclosure of a Hg bubble by a Ni deposit, thus 
forming a pore. They suggest that gas evolu- 
tion may prove to be a more important factor 
than is generally realized.—o. J. H. 

gr; —-fiermeee - = — shop ©. F. 
Corfe (Electropl in., 1959, 12, Aug. 
291-295, 298 Tar bie: ing to the 
processes and charts of Hull cell tests for Cd, 
Zn, brass, Ag, Cu, Ni, and Cr baths are given 

A new method for the detection of pinholes in 
protective coatings I’. L. Sos and FE. Sterk 

Ieta Techn., 1959, 23, 3-4), 3 i ) In 
English} The origin of pinholes utlined 
Paper soaked in a solution g , (with 
gelatine and KNO, at pH 1 te lo silver 
ver pinholes. 

Spiral setup plates wire fast (Jron Age, 
184, July 9, 98-99) In the process deseribed a 
steel wire core 


form 


Various 


1959, 


flows continuously in helical 
through successive controlled plating 
baths to give heavy and uniform coatings. The 
plated wire can be shaped and worked without 
chipping or flaking AG 

Contro! of electrodeposition processes by 
examination of the deposits J. bk. Such 
Electropl. Met. Fin., 1959, 12, July, 256-259 
Testing for ductility, 
stress is outlined 

Effect of diffusing hydrogen atoms on the 
hydrogen overvoitage of iron and its galvanic 
coatings in alkaline and acid solutions A. | 
Oshe and A. I. Bagotskava (Zhurn. Fiz. Khim., 
1958, 32, (6), 1379-1388) The effect of diffusing 
hydrogen atoms on the hydrogen overvoltage 
has been investigated for different cathodic 
polarizations, on galvanic deposits of Ni and 
Cu in alkaline solutions, on pure iron, iron 
poisoned with Pb and H,, and on galvanic 
deposits of Sn, Ni, and Cu in acid solutions, The 
diffusing hydrogen atoms may either raise or 
lower 7 according to the compositions of the 
solutions and to the nature of the electrodes. 

Checking and measuring methods in surface 
finishing V. Bruna and M. Firman (Czech 
Heavy Ind., 1959, July, 43-47) The theory and 
practice of measuring the thickness of finishing 
films are reviewed. Magnetic, electroinductive, 
and radiometric methods are considered. 

Control of electrodeposition processes by 
examination of the deposits T. . Such (Elec 
tropl. Met. Fin., 1959, 12, June, 315-218) A 
review of methods of inspection; covering 
power, pitting, adhesion, porosity, smoothness, 
and brightness are considered. 

Investigations of the porosity of an anti- 
corrosion coating G. Blet (Rev. Mé., 1959, 56, 
June, 41-46) A ‘porosimeter’ was used to 
measure the probable resistance to corrosion of 
a protective coating, the results being com 
pared with the corrosive action of brine 
Satisfactory agreement was obtained 

Construction and use of the Brenner & 
Senderoff Contractometer for the measurement 
of stress in electrodeposits H. Fry and F. G. 
Morris (Electropl. Met. Fin., 1959, 12, June, 
207-214) Full drawings of the device with 
refinements and improvements are given and 
instructions for construction and testing are 
supplied with a section on accuracy and repro 
ducibility. 

Electrodeposition of chromium alloys G. 
Levy (Met. Fin., 1959, 57, Aug., 59-62) A 
review of Cr-Fe, Cr—-Ni, Cr—Co, Cr—W, Cr—Mo, 
and other deposits (67 refs). 

Crack-free and duplex chromium D. E. 
Weimer (Electropl. Met. Fin., 1959, 12, Sept., 
340-343, 348) Two proprietary processes are 
described and corrosion data are quoted. 

Plating with duplex chromium E. J. Seyb 
jun. (Prec. Met. Mold., 1959, 17, Sept., 71-73) 
A cracking coat is plated over a crack-free 
layer. The applications described are to Zn- 
base die castings. 

Double chromium plate gives lasting pro- 
tection. No burn (Jron Age, 1959, 183, June 25, 
96-98) The advantages of a new duplex Cr 
plating process are described and explained 
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The first stage gives a bright crack-free deposit 
by a method which gives a good thickness in 
this is followed by a second bright 
deposit of finely cracked Cr. This disperses the 
corroding cell action, and the current density 
is kept below the critical potential for anodic 
perforation of underlying metals. Excellent 
protection of plated parts is thus obtained. 

The deposition of chromium from complex 
chromium sulphate solutions W. Machu and 
M. F. M. El-Ghandour (Werks. 1959, 
10, Sept., 556-563) The optimum operating 
conditions for the deposition of Cr from a bath 
consisting of Cr,(SQ0,4),, (NH g),5O0,, and urea 
are given. Cr can be deposited directly 
( . Ni . Zn, and Fe. The Cr deposit is 
suit tbl for decorative plating. It 
! 24 refs). 

The deposition potential and reaction mech- 
anism of the deposition of chromium from 
chromium 111. Sulphate solutions WW. Machu 
and M. F. M. El-Ghandour ( Werks. Corr., 1959, 
10, Oct., 617-621) Current density-potential 
curves were determined for deposition of Cr 
from Cr,(SO,), electrolyt This takes place 
in the presence of (NH,),S8O, and urea. The 
mechanism of Cr deposition is discussed 

The story of nickel plating (). Dubpernell 

Plating, 1959, 46, June, 599-616) A compre 
hensive account is given of the deve lopment of 
Ni plating from its 
Unive 
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initial discovery at Harvard 
rsity about 100 years ago up to the 
present day (203 refs) A.A 

Levelling in bright nickel baths 8. kk. Beacon 
and B. J. Riley (Met. Ind., 1959, 95, Sept. 11, 
103-104) A tracer study contirming the mech 
anism suggested is reported 

A new highly efficient bath for nickel-plating 
R. MiSuree and Z. Sovikova (Czech. Heavy Ind., 
1959, July, 14-19) A new efficient Ni plating 
bath is described, The components of the bath 
contain a le agent so that a bright 
deposit results; this means that manual opera 
tions on the 


velling 


surface are not required and 
automatic plating machinery is possible. Care 
ful control of the conditions is essential 

Some investigations into bright finishing in 
nickel baths and the influence of impurities 
A. Chaybany (Vet. Fin. J., 1959, 5, July-Aug., 
263-268) Methods of brightenin especially 
the absence of chlorides, are « ee. in 

The effect of magnesium salts on nickel 
plating baths A. Geneidy, W \. Koehler, and 
W. Machu (J. Electrochem. Soc 1959, 106, 
May, 394-403) Mg salts were found to lower 
the deposition potential of Ni, reduce polariza- 
tion, improve throwing 
porosity of the coating. At high Mg concentra 
tions deposits were harder and more brittle. 

Effects of chloride on the orientation of 
nickel deposits 3. C. Banerjee and A. Goswami 
(J. Electrochem. Soc., 1959, 106, July, 590-592) 
It is shown that chloride ions in an Ni electro 
plating bath generally counterbalance the out 
growth condition due to impurities and favour 
lateral growth (19 refs). 

A radioisotopic study of levelling in bright 
nickel electroplating baths S. E. Beacon and 
B. J. Riley (Gen. Motors Eng. J., 1959, 6, April 
May-June, 20-25) Sodium allylsulphonate 
labelled with 8 was prepared and preferential 
adsorption or co-deposition on high points of 
the surface was demonstrated. 

The influence of naphthalenesulphonic acid 
on the electrolytic deposition of nickel. 2. The 
lustre of the electrolytic deposit A. V. Pamfilov 
and O. E. Panchuk (Ukrainskii Khim. Zhurnal, 
1959, 24, (2), 266-273) The dependence of the 
lustre of the nickel layers obtained in the 
presence of different naphthalenesulphonic 
acids, on current density and temperature has 
been proved. It is due to the absorption on the 
cathode surface of the colloidal nickel sulphide 
formed by the decomposition of the naph- 
thalesulphonic acids. 

Precision plating lowers grinding costs 
Westinghouse Brake and Signal Co. (Metalw. 
Prod., 1959, 103, Aug. 14, 1231-1234) Measures 
taken to secure uniformity in the deposition of 
0-012 in. Ni coatings on brake piston rods are 
described. 

X-ray structure investigation of galvanic 
iron-nickel alloys N.S. Fedorova (Zhurn. Fiz 
Khim., 1958, 32, (6), 1211-1213) On the 
strength of an investigation on six alloys it has 
been found that alloys containing 9 and 18%Ni 
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crystallize in a body-centred cubic lattice and 
with 52, 64, and 88°%,Ni in a face- 
lattice. It has also been found 
with 31°,Ni is a mixture of two 
phases, one tace body-centred. The 
lattice with the ex 
tion 

Zinc in the world of electroplating 1). \\ 
Horvick (Plating, 1959, 46, June, 639-645) 
Phe evolution of electrogal processes 


alloys 
centred cubic 
that an alloy 
and on 
parameters change 
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anizing 
8 described and its applications are discussed. 
Hot dip galvanizing (Corr. Prov., 1959, 6, 
July, Corrosion Engineer Supp. XII XIV, 
X\ 1) Part I of a re Bath composition, 
coating, and corrosion resistance are surveyed. 
— ef puventetns J. Hille and W. Durr 
chter 5th International Conf., 1958, 
21. i4 The behaviour of molten fluxes for the 
hot-dipping process in way tin and lead 
en l,, ZnCl, + alkali halides, sterns contain- 
ing NH, and Znt l, with ts s of Zn or Fe 
with or without NH ,l are reviewed and the 
properties of the niiivered are indicated. Qil- 
fired galvanizing baths (39-57) J. G. C. Pope 
Properties of fuels and furnace designs are 
The top heating of galvanizing baths 
RK. Haarmann (58-71) Designs of furnaces for 
heating wire, strip, and castings are shown and 
tests on gas consumption and production are 
reported. The tine frequency induction furnace 
for general galvanizing H. Chapman (72-78) 
rials with a pilot-plant model with sections 
of Al deposits are shown. Electrical bath heating 
\. Parent (79-82) Joint discussion (82-—86). 
Survey of galvanizing processes with particular 
reference to the efficiency of the use of zinc 
P. Hoesli and FE. C. Mantle (89—104, discussion, 
105-111) Flux consumption and and 
labour are taken into account in the 
survey. The dry, wet, old dry, and modified 
wet processes are reviewed. Strip galvanizing: 
comparison between the Cook-Norteman and 
Sendzimir processes H. Bablik (115-155, dis- 
cussion, 155-161) A careful survey of grain 
size, inclusions, surface roughness, and coating 


view. 
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iniformity is given and structures are shown. 
Surface appearance and staining are included. 
The effect of painting on the corrosion resist- 
ance of galvanized steel I’. Morisset (165-176, 
discussion, 177-181) With numerous coloured 
illustrations of test panels. Variations in the 
characteristics of steel wire as a result of hot 
dip galvanizing B. Ulrich (185-189) Tensile, 
bend, and fatigue tests are summarized. 
Variations in the properties of steel wire as a 
result of hot dip galvanizing F. Baldi, G. 
Garbelli, and A. Pirozzi (190-210) Wire from 
three specially cast ingots was and 
properties were measured after various rolling 
schedules and heat treatments. Stripped wire 
was also tested. The influence of aluminium, 
lead and iron on the structure and properties of 
galvanized coatings J. J. Sebisty and J. O. 
Edwards (213-240) Special trials on an OH 
low-C steel with special additions of Zn, Al, 
Fe-Zn alloy, and Pb were made. Coating 
weight, cupping tests, lock seam tests, and 
bend tests made and metallographic 
studies were carried out. Surface properties, 
adhesion, and corrosion tests were added. A 
study of surface carbides, differential steel 
attack and pore formation in the galvanizing 
process J.J. Sebisty (241-251) Massive carbides 
on the surface gave no y or 6-phase in the over- 
lying alloy. In iron saturated baths with nil or 
high Al the carbides were unreactive and with 
high Al the carbides were sometimes not 
wetted, producing bare spots. At ~0-1L°,,Aland 
450°C the « art ides formed massive zeta- 
ervstals and these gave rise to pores Joint 
The influence of steel 
quality on coating thickness in hot dip galvan- 
izing W. Gerber, R. Gloor, and H. Oertli (264 
268, discussion, 268-270) Five compositions 
were tested and the best is indicated. Non- 
destructive — of galvanized coatings W. 
‘eppler (27 Coating thickness and its 
asurement are reviewed. Se 
and magneti 


used 


were 


above 


Liscuss m, 252-263 


tioning, strip- 
| methods are considered. 
Materials handling i in galvanizing A. G. North 
ott (303-315) Practices are recommended. 
Practical approach to materials handling ( Van 
Kemper 316-323 layout is developed 
Joint discussion, 323-325). The contribution of 
galvanizing to human progress (334-342 

Zinc coatings on iron and steel. | The prob- 
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lem of corrosion and its prevention A. K 
Parker (Met. Fin. J., 1959, §, June, 241-242, 
245) General principles of corrosion prevention 
are stated 

Zinc coatings on iron and steel. 2. Methods of 
applying zinc coatings to iron and steel surfaces 
A. K. Parker (Met. Fin. J., 1959, 5, S¢ pt., 313 
322, 325) A brief review of galvanizing 
spraying, plating, sherardizing, and the use of 
zine-rich paints 

Large gas radiant-fired kettle improves 
galvanizing and lowers cost Kk. 2. Buckholdt 
(Iron Steel Eng., 1959, 36, July, 146-147 
Operation of the kettle introduced at the 
oe of Buffalo Steel Corp. at Tonawanda, 
NY, is described. 

Correct design for hot-dip galvanizing \\ 
Derenbach (Mitteilungen der F 
qesellachaft Blechverarbeitung e.\ 
15, 77-83) The 
material, its s 
hot-dip galvanizing 
means of example 

The hot- ae galvanized coating and corrosion 
resistance. J. J. H. Nicholls (Corr. Tech., 1959, 
6, Sept., 275-276, 284) The mechanism of 
corrosion of Zn and its resistance to various 
natural waters and soil types with the effect of 
micro-organisms are reviewed. §f (Oct., 307 
309) Conditions in which eorr galvan- 
ized coating can take place are discussed with 
examples, and paintimg and other surface 
treatments are dealt with (23 refs). 

Protection with cold galvanizing (Jnd. Fin., 
1959, 11, July, 16, 18) A general account of 
properties, uses, and costs. 

Automation speeds galvanizing process 
Steel, 1959, 144, June 29, 80-81) An auto- 
matic line for making galvanized conduit is 
described and illustrated. Pipe is cut to length, 
threaded, pir kled, fiuxed, galvanized, quen 
ched, treated in chromic acid, rinsed, dried, 
inspected, labelled, and fitted with a coupling. 

Properties of electrolytic zinc coatings on 
steel plates G. Frank (Usine Nouv., 1959, 15, 
Oct. 29, 95-96; from Der M aa nmarkt, 
1959, Jan. 13, 6-9) Phosphating and chromat- 
ing are also included. 

The attack of liquid zinc on iron— a summary 
K. Ruttewit (Metall, 1959, 13, Aug., 735-738) 
A review of the literature is followed by an 
account of experiments by the author, using 
three grades of Zn (34 refs). 

Selection of the correct flux 
galvanizing H. Bablik, F. 
Kukaczka (Metall., 1959, 13, Aug., 730-734) 
Comparative trials are described using am 
monium chloride and zine chloride as fluxes in 
various combinations, and optimum condi- 
tions are investigated. 

A chemical treatment against corrosion of 
galvanized steel produced in continuous lines 
G. Odone and G. Milanese (Met. Fin. J., 1959, 
5, June, 237-240) The development of a 
passivating solution containing ( rO, 
described. 

Post-war development of the tinplate industry 
in Western Europe: 4. Italy W. E. Hoare 
(Sheet Met. Ind., 1959, 36, May, 336-340) 
Italian capacity for producing tinplate is 
reviewed and the equipment at three plants is 
briefly described. Capacity in the near future 
is estimated at nearly 250000 t, half hot 
dipped, half electrolytic.—D.L.c.P. 

Tin coatings by mechanical plating (7in 
1959, July, 160-162) The Peen plating 
is described in which tin powder is applied to 
surfaces by impacting with glass balls. It is 
similar to barrel finishing and costs about the 
same. 

Tin in electroplating Fk. M. McIntosh 
(Plating, 1959, 46, June, 617-620) The various 
methods of depositing tin electrolvtically are 
described and their advantages and disad- 
vantages are considered A.G 

Electrolyte 4 rapid tin plating D. A. 
Dnapkina, R. P. Lastovskii, P. Belyaev 
and E. I. Kutukova (Stal’, ioe, a » 959) Ar 
acid stannous sulphate bath with 
agent and p’-bis(dimethylamino)dipheny! 
methane is used. 

Australian progress. Rapid steps towards self 
—a in tinplate manufacture (Jron Steel, 
1959, 32, June, 317-320) Some data are given 
in expansion programs of BHP and Australian 
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Iron and Stee / Ltd, its main subsidiary. Lron 
and steelmaking and supplies of ore, fur 1, and 
fluxes are covered. 

The structure and phase constitution of the 
coating in the hot tinning of sheet iron I. (. 
Morgan (Sheet Met. Ind., 1959, 36, June, 445 
446) A tracer study of the intermediate f 
of hot-tinned plate has b 
light and dark areas are sho 
loseness of packing and ¢ 
FeSng. Electron diffraction was also used 

Characteristics and use of aluminium-coated 
steel K. G. Coburn (Costr. Met., 1959, 11, July 
Aug., 22-24) A heat and corrosion resistant 
metal for coating steel sheet has been sought 
by metallurgists for many vears. Al 

be at least a partial answer, but 

many problems to overcome 

has led to the development o 

of Al-coated steel suited for a wide 
applications. 

Aluminized steeiits properties and uses 
K. G. Coburn (Metallurgia, 1959, 60, July, 17 
20) The production of Al-coated steel sheet by 
hot-dip aluminizing, and its properties 
cation and application are described 

Aluminized steels. Manufacture and use 
(Techn. Mod., 1959, 51, 259-261) A 
review of the methods used commercially for 
coating steel with Al, particularly in USA, 
with an outline of the properties of the treated 
steels and their main applications 

ooeenae coating of aluminium or steel 
- Ww. Bevis and A. 8. Dawe (/nd. Heat., 

1959, i, Tien 1790, 1792, 1794, 1796, 1800, 
1802) This article discusses the major cor 

ponents of a continuous strip coating line t« 
handle Al or steel strip 60 in. wide or more and 
to provide pre-painted coiled strip for the 
fabricator. Finishes are available which permit 
strip to be sheared, slit, formed, pierced, and 
processed without damage to the finished 
surface 

Aluminizing of steel wire and steel-wire 
products in the United States of America 
H. Krautmacher (Stahl Eisen, 1959, 79, Oct. 1, 
1432-1437) The various processes for the 
aluminizing of steel wire and of products mad 
of steel wire are reviewed; details of manufac 
ture are included. Corrosion-resistance at roo1 
and elevated temperatures is discussed and the 
superiority of aluminized wire over galvanized 
wire—at least in certain corrosive environ 
ments—is stressed. The process is not yet used 
on a broad basis, in spite of the advantages it 
offers (32 refs).—T.«a. 

Vacuum evaporated cadmium deposits D. |. 
Fishlock (Electropl. Met. Fin., 1959, 12, June, 
221-222, 224) A method of production 18 
outlined. 

Bright, non-brittie acid copper 
L. Domnikoy (Met. Fin., 1959, 57, 
67, 71). 

Smooth copper and nickel deposits D. BR 
Newman (Electropl. Met. Fin., 1959, 12, Aug 
296-298) The use of bt Dhar tanks is 
described. 

Electrodeposition of copper-zinc pow go from 
the pyrephosphate bath V. Sree and Li. 
Rama Char (Electropl Met. Fin., 195 hs 12, 
Oct., 385-388) The pyrophosphate bath pro- 
cess is deseribed, the deposits obtained are 
shown and their structure discu Advan- 
tages over cyanide noted 
(20 refs). 

Metallizing 

Leferences are 
J. since 1940. 

Metal spraying in Australia D. E 
(Electropl. Met. Fin., 1959, 12, July, 261-264) 
4 review in general terms of various uses of 
metallizing, mainly with Zn. 

Metal spraying in the protection of iron and 
steel T. P. Hoar (Met. Fin. J., 1959, 5, Sept., 
303-307) From a symposium, April 17, in 
London. Al and Al-Zn coatings are 
with notes on surface preparation. 

Why not metallize to prevent corrosion 
H. Thomasson (Can. Metalw., 1959, 22, June, 
42-43) A general account of the 
metal spraying. 

How to anchor sprayed metals W. B. Me 
(SAEJ, 1959, 67, June, 76-77) Rough thres a. 
ing, ‘groove and knurl’ treatment, and electric 
bending are briefly described 
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phosphate salts were present. A short period 
of rusting prior to painting impaired the per- 
formance of the scheme on wet-sandblasted 
steel.—-J.¥.8. 

Internally coated steel drums R. Zuideveld 
(Corr. Techn., 1959, 6, July, 212) A_ brief 
account of pretreatment and lacquering. 


PROPERTIES AND TESTS 


A glossary of physical properties and tests 
J. B. Campbell (Mat. Des. Eng., 1959, 49, 
June, 91-110) Manual No.159. Extended 
definitions are given and apparatus is men- 
tioned under each property. 

Steel characteristics. Results of systematic 
trials carried out by |’Etablissement Aéro- 
nautique de Toulouse (Publ. Sci. Techn. L’ Air, 
1958, (BST 122), pp.193) The sample prepara- 
tion and the results of metallographic and 
physical tests are described on a series of plain 
carbon, low and high alloy, and low-Ni alloy 
steels. 

Measurement and control in the iron and 
steel industry then and now H. Weineck (Stahl 
Eisen, 1959, 79, Nov. 12, 1705~-1715) Measure- 
ment and control in iron and steel works is 
traced back for the last 200 years. Beginning 
in 1921 the number of measuring instruments 
increased rapidly and for control equipment 
this increase took place after 1946 leading 
slowly, but steadily, to automation.—tT.«a. 

Significance of mechanical properties of 
metals in design D. Birchon (Eng. Mat. Design, 
1959, 2, Aug.—Sept., 417-421) Tensile, hard- 
ness, impact, and fatigue test results are con- 
sidered as data for design. 

Dependence of mechanical properties of steel 
on its chemical composition and on the shape of 
the sections V. G. Malinovskii and A. 8S. Babii 
(Stal’, 1959, (10), 937) A brief account of the 
results of a statistical study on > 10000 melts. 
Increase of u.t.s. and yield-point and decrease 
of relative elongation with increase of C, Mn, 
and Si were observed. Increase of S from 0-02 
to 0:055% had no effect but increase of P 
within the limits of the specification did raise 
strength and elongation. Effects in round, 
angle, and aperiodic sections are also noted. 

An automatic recording apparatus V. A. 
Likhachev (Metallurg., 1959, (5), 15-17) The 
apparatus can automatically record on per- 
forated or magnetic tape or on the perform- 
ance sheet the large number of parameters 
characterizing the course of the production 
yrocess. A description of the MARC-300 and 

UMB devices is given. 

Chipless testing for non-uniformity in alloys 
N. A. Tananaev and A. P. Lokhvitskaya 
(Ukrainskii Khim. Zhurnal, 1959, 24, (2), 240 
243) A chipless method of investigation is des- 
cribed by which it is easy to determine non- 
uniformity of an alloy as regards the different 
elements in its composition by determining the 
‘topographical’ non-uniformity (inclusions of a 
given element) both on the surface and in 
depth. This method allows the determination 
of a relatively quantitative characteristic of 
the included element at any one or more points 
on the surface. 

Reticular defects of metals T. Federighi (Met. 
Ttal., 1959, 51, March, 57-64) The funda 
mental characteristics of reticular defects in 
metals, their properties and their influence 
under various conditions are described. 

Non-destructive examination of metal sur- 
faces: applications in metallurgy and mech- 
anics P. A. Jacquet (Techn. Mod., 1959, 51, 
Sept., 465-470) Anodic — electropolishing, 
replica methods, and numerous accounts and 
illustrations of their uses are given (12 refs). 

The plastic flow and fracture of a ‘brittle’ 
material (grey cast iron) with particular refer- 
ence to the effect of fluid pressure 13. Crossland 
and W. H. Dearden (Proc. Inst. Mech. Eng., 
1958, 172, (26), 805-820) Torsion tests were 
carried out under fiuid pressures up to 
35 t/in®. Mode of failure appeared to depend 
upon volumetric stress and so did the shear 
stress-strain curve. In torsion, strain to failure 
was raised by pressure, rate of change of strain 
being increased when the fluid pressure was 
sufficient to suppress any tensile component. 
Compression tests were also carried out. 


Mechanical properties of AM350 and 


AM355 stainiess steel A. W. Brisbane (WA DC 
Techn. Rep. 58-672; A D-208664; PB 151706, 
1959, Feb., pp.53) Tensile, compression, bear- 
ing, bend, and impact properties are given 
after several heat treatments. Treatment at 
~100°F and then at +950°F gave the best 
ductility. The sub-zero treatment alone gave 
maximum strength. 

ect of the chemical composition on the 
formation of flakes in alloy steels L. B. Krep- 
ysheva (Chern. Metallurg. 1959, (3), 93-100) 
An increase in the content of the alloy element 
in Cr-W-—Ni steels and also additions of Mo to 
Cr-Ni steels lowers the intensity of flaking. 
There exists a relation between the tendency 
to flaking and the presence of a resistant car- 
bide phase. The tendency to flaking decreases 
with an increase in the strength of this phase. 

A reassessment of deformation theories of 
plasticity B. Budiansky (J. Appl. Mech., 1959, 
26, June, 259-264) The extent to which devia- 
tions from proportional loading are admissible 
when applying Nadai’s simple theory of 
deformation is calculated. Permissible devia- 
tions are shown to be greater the lower the 
strain-hardening rate of the uniaxial stress- 
strain curve.—aA.@. 

A new look at ductility M. V. Zaustin 
(Machine Design, 1959, 31, July 23, 134-141) 
A method of determination by the use of 
specially shaped specimens failing in shear is 
described. A value said to be independent of 
the shape and size of the test-piece is derived. 

Spring testing machine with deflexion cor- 
rection P. B. Hinde (Mech. World, 1959, 139, 
April, 154-155) The formula for the conven- 
tional spring tester is given and a new device 
for fixed stop testing without introducing 
errors due to machine deflexion is shown. 

The dissipation of energy during plastic 
deformation J. F. Nicholas (Acta Met., 1959, T, 
Aug., 544-548) A theoretical examination is 
given of the mechanism of storage of energy 
in deformed metal. Creation and annihilation of 
point defects and possibly of dislocations are 
considered. 

On some physical properties of cementite 
F. Laszlo and H. Nolle (J. Mech. Phys. Solids, 
1959, 7, June, 193-208) Young’s modulus and 
the shear modulus of elasticity before and 
after case carburization of low-C steel were 
measured and the thermal expansion also 
determined. Properties of the cementite com- 
ponent were then computed and the accuracy 
appears to be fair. Thermal stresses developing 
in normalized steels were also computed. 

Temporary changes of mechanical properties 
during internal transformations V.G. Vorob’ev 
(Metallov. Obra. Met., 1958, (3), 35-38) 
Investigations show that the mechanism of 
increased ductility in high carbon tool steels 
may be due to a sudden local weakening of the 
atomic bonds owing to internal transformations 
This is explained by the possibility of indi- 
vidual atoms or layers of atoms participating 
in a nascent state in the formation of the new 
lattice. 

Effects of permanent deformation on the 
mechanical characteristics of mild carbon steel 
E. di Giacomo (Caloro, 1959, 30, March, 123- 
126) This article describes tests carried out 
which provide evidence of the profound 
changes which occur in the mechanical 
characteristics of mild steels when permanent 
deformation is caused by cold working. 

On relaxation processes during relaxation 
and the tempering of quenched steel at low heat 
V. 1. Sarrak and K.1. Entin (Doklady AN SSR, 
1959, 127, (2), 306-309) A peak occurs on the 
eurve for internal friction of deformed or 
quenched steel at a frequency of ~1 cycle in 
the region of 200°, the origin of which in a- 
iron, investigated by Késter (Arch. Eisenhiitt., 
1954, 25, (11/12), 569) is due to the diffusion 
rate between 120-180°, so that dislocation is 
possible simultaneously with blocked atoms 
and the additional energy is spent on the dis- 
placement of the atom ‘cloud’ near the 
dislocation. The peak at 200° in deformed a- 
iron is only seen in the presence of C and N 
atoms and the height of the peak with 
0:003°,C and over depends only on the 
amount of dislocation. The decrease of the 
activation energy after tempering may have 
some connexion with the cessation of the 
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accumulation of large dislocations. Thus dur- 
ing relaxation and tempering of quenched 
steel at low heat, relaxation processes occur as 
is confirmed by a reduction in the internal 
stresses, and this results in an increase of 
strength. 

Influence of small additions of alloy elem- 
ents on stress relaxation in iron-chromium 
nickel alloys G. N. Kolesnikov, A. I. Moiseev, 
and M. V. Yakutovich (Trudy Inst. Fiz. Met., 
1958, (19), 95-100) It has been experimentally 
established that additions of some alloy 
elements (Mo, W, B, Ti) to Fe—Cr—Ni alloys 
(20)%Cr and 10-40% Ni) reduce the intensity 
of stress relaxation even in small amounts. If 
however, 5%Ni from an alloy containing 
20% Cr and 20%Ni be replaced by 5°,Mn the 
intensity of stress relaxation is reduced in the 
temperature range between 350 and 750°. If 
2 and 5°%Ni in the same alloy are replaced by 
Co, the stress relaxation is hardly affected. Ti 
gives stress relaxation curves with some 
peculiarities. 

Stress relaxation and non-uniform diffusion 
mobility in polycrystalline austenitic iron- 
chromium-nickei alloys V. I. Arkharov, 8. I. 
Ivanovskaya, and G. N. Kolesnikov (Trudy 
Inst. Fiz. Met., 1958, (19), 122-126) A com- 
parison between experimental findings on the 
diffusion of Ni in these alloys and the data on 
stress relaxation in the same alloys shows that 
small additions of active substances in the 
solid state result in an enrichment of the inter 
erystalline zones as compared with the interior 
of the grain. This may be explained by a reduc- 
tion of the diffusion mobility along the grain 
boundaries and therefore, also, of the plastic 
deformation in the intererystalline zones. 

Investigation of stress relaxation in iron 
chromium. nickel austenitic alloys with titan- 
ium and niobium additions M. G. Gaidukov and 
V.A. Pavlov (Trudy Inst. Fiz. Met., 1958, (19), 
133-139) The complex alloying of Kh20N20 
alloys with Ti and Nb results in a complex 
relation of the stress relaxation and the chem- 
ical composition. In these alloys with 1° Ti, 
phase transformation occurs at certain tem- 
peratures with a decrease in volume accom- 
panied by a reduction in the rate of stress 
relaxation in some cases and an increase in 
others. If the Nb content in these alloys 
increases, the point of maximum phase trans 
formation shifts to a lower temperature. 

Stress-assisted precipitation on dislocations 
F. S. Ham (J. Appl. Phys., 1959, 30, June, 
915-926) Approximate expressions for the 
elastic interaction of solute atoms with edge 
and screw dislocations are derived and inte 
grated to give the short-time part of the pre- 
cipitation curve and other expressions are used 
for the long-time part for a regular array 
Combination of these gives the complete curve 
and these are only slightly affected by ran 
domness in the array. The precipitation pro 
cess for C in a-Fe appears not to be completely 
established. 

Tensile properties of copper-bearing low 
carbon steel G. W. Bush and R. W. Lindsay 
(ASM preprint, 140, 1959, Nov., pp. LO) When 
Cu exceeds a limit between 0-1-0-2°,, strength 
increases, elongation decreases, and crystallo 
graphic orientation alters in cold-rolled and 
annealed sheets. 

Extensiometer A. Abe and H. Miwa (Toyo 
Kohan, 1956, 4, Dec., 10-15) An extensio 
meter for a strip temper pass mill is described 
Strip speeds before and after rolling are picked 
up by a photoelectric device and converted to 
frequencies and the beat frequency of the two 
is compared with the original frequency to give 
percentage extension directly. The circuits and 
results are shown. 

Results obtained with an electrostatically 
excited extensometer K. Cabarat (iter. Mét., 
1959, 56, July, 144-152) The instrument des 
eribed is suitable for the measurement of the 
frequency and amplitude of longitudinal 
vibration maintained by electrostatic excita 
tion. It can be used on non-conducting 
materials by depositing a thin film of metal, 
which does not affect the mechanical proper 
ties of the material. By determining the 
resonance curve for the specimen, or recording 
the damping curve, the logarithmic vibration 
decrement characteristic of the internal friction 





of the substance investigated can be 
mined (11 refs). 

The tensile and yield me .¥ of Cr 7 
steels at low temperature J. ©. Shyne, F. \ 
Schaller, and V. F. Zackay (ASM preprint, hf 
1959, pp.5) Higher strength resulted from 
increased N and lower test temp. Strain- 
induced martensite also contributed to tensile 
strength in some cases. The alloys tested had 
14-16% Cr, 14%Mn, 0-023-0:029%C, and 
0-06-0-49%N. 

Characteristics of steels F. J. M. Gallego 
(Met. y Electr., 1959, 23, Aug., 78-82) The 
characteristics of structural] steels of low car- 
bon content, of automotive steels, and of con- 
vertor steels, their hardness, mechanical 
properties (elastic limits, resistance to rupture 
and fatigue, etc.) and their treatment are 
described.— s.H.—s. 

The influence of load and of the temperature 
of investigation on the plastic limit of steel 
I. A. Razov and E. M. Shevandin ( Zavods. 
Lab., 1959, (2), 198-202) The investigations 
were carried out at 20° and 120°C with 
various rates of os (bending stresses) for a 
few types of steel. The findings show that the 
limiting angle of deflection, and therefore also 
the initial deformation corresponding to the 
appearance of the first cracks at the base of the 
notch, does not depend on the rate of loading 
at least within the frequencies investigated. 
These influences, in the absence of cold- 
brittleness are therefore so insignificant that 
for practical purposes the plastic limit cannot 
be determined from the data of these experi- 
ments. 

Connodal nomograms for calculating the 
composition, structure, and strength properties 
of pearlitic irons A. A. Zhukov (Lit. Proizv. 
1959, (1), 36-41) A discussion of the short- 
comings of ordinary plots and nomograms 
within C-Si content co-ordinates is given. One 
suggested connodal nomogram consists of 
three parts indicating the structure of irons: 
a °,C-%Si plot with two sets of straight lines, 
the isoeutectic composition, and connodal lines 
representing the start of the eutectic trans- 
formation of the alloy. Below this on the right 
the set of connodal lines links up with a dia- 
gram indicating the formation of graphite in 
the structure, and on the left with a diagram 
for the determination of the basic metallic 
structure of the iron. A fourth part on the left 
hand side at the top indicates the values of 
physical properties which may be expected 
from the resultant irons; these values are 
plotted against the eutecticity of the melt. 
There follow two examples of the use of the 
connodal nomograms under practical working 
conditions.— M." 

Testing superheated steam pipes of 12KhMF 
steel for long term strength |. N. Laguntseov 
and V. K. Svyatoslavov (Teploenergotika, 
1959, (7), 55-59) Experimental results, for 
superheated pearlitic 12KhMF steel steam 
pipes, under complex stresses in steam are 
appreciably below the same values under ten 
sile stresses in air. The 
both tests are obtained by taking into con 
sideration the limiting stresses of pipes under 
internal steam pressures according to @ given 
formula. 

Delayed yielding of steel under dynamic 
loading A. 1. Golubkov and M. Panov 
(Zavods. Lab., 1959, (2), 209) This is defined as 
the period before reaching the yield-point 
during which the metal is able to withstand 
increasing dynamical stresses in comparison 
with the static loads. A description is given of 
the setting up of the tests and of the ——— 
used for the investigation of Ct 3 steel. The 
findings show that this time interval varies 
from 0-20-0-2 sec according to the conditions 
of the tests. 

The strength of martensite formed from cold- 
worked — J. C. Shyne, V. F. Zackay, 
and D. J. Schmatz (ASM preprint, 163 1959, 
pp.16) Effects of thermal mechanical treat- 
ment on ultra high strength were 
studied. Plastic deformation of metastable 
austenite increased the strength of martensite 
formed subsequently and also yield and ten- 
sile strengths. Martensite was refined. Temper 
ing raised yield strength in martensite steels 
transformed from cold-worked austenite. 

The effect of initial increments of hot work- 


deter 


nearest coincidence for 


steels 


ing on the mechanical properties of certain 
ferrous materials H. J. Wagner and J. W 
Spretnak (ASM preprint, 170, 1959, pp,17) 
Slow upset press forging was used. A method 
of determining degree of deformation at speci- 
fic locations was developed. Tensile strength 
was unaffected by 2:1 reduction but ductility 
was changed by degree of forging. Sulphide 
inclusions increased degree of directionability 
of ductility and increased coefficient of varia 
tion of ductility in both iron and 4340 steel. 
impact test for evaluating toolsteels © 
Steven (Met. Prog., 1959, 75, May, 76-77) A 
modified Charpy V-notch test is shown to be 
suitable for evaluating the toughness of har- 
dened tool steels. A shallow notch was used. 

Research and development of a shock-con- 
trolied foundation for a heavy-gun laboratory 
testing-hammer J. H. A. Crockett and D. B. 
O'Neill (Proc. Inst. Civil Eng., 1959, 13, June, 
133-160) A concrete foundation is described, 
preventing ground vibration, for a hammer 
striking a hydraulic buffer to simulate the 
discharge of ordnance. The theory, research, 
development, and construction, making use of 
three-dimensional stressing, and reducing 
ground vibrations to the just perceptible limit 
at 120 ft distance, is set out. 

Adaptor for the _ my investigation 
of metal fractures N. Popova (Zavods. Lab., 
1959, (2), 230) A spec am apparatus is desc ribed 
for fracture analysis with optical microscopy. 

Electronic microfractography M. L. Bern- 
shtein and A. I. Paisov (Zavods. Lab., 1959, 
(2), 186-189) Examples are shown of elec- 
trinic microscopical investigations of various 
types of fractures. The references cited are 
mostly French. 

Effect of previous work hardening on the 
initial stages of plastic deformation and re- 
crystallization of iron Ya. RK. Rauzin (Metallov. 
Obra. Met., 1958, (1), 38-42) The initial plastic 
deformation of technical iron exerts its influ- 
ence on a number of metal properties in spite 
of intermediate annealing which results in a 
uniform microstructure. Its influence is felt in 
grain growth tendency and critical deforma 
tion, in yield point, in the solubility of impuri- 
ties and in the non-metallic disperse particles. 

The influence of cold deformation on the 
internal structure of austenite grains J. 
Hrivnak (Hutn. Listy, 1959, 14, (6), 507-511) 
The relation to block structure of the etch 
figures obtained with 10°, alcoholic HCl in 
16-Cr-13-N1i steel was studied and the dimen- 
sions of 15-30 104 A agree well with X-ray 
measurements. Cubes and similar simple struc 
tures are disclosed. The degree of elementary 
displacement in yield was ~300 A and a com 
plete agreement between block structure and 
a ee etch figure dislocations are seen after 
cold work. Fragmentation and block dis 
orientation also appear 

influence of plastic deformation on marten- 
sitic transformation M. (. Gaidukov and V. D. 
Sadovskii (Metallov. Obra. Met., 1958, (4), 2-7) 
Ni-Cr and Ni-Mn high-carbon austenitic 
steels were studied. The specimens were rolled; 
some of therm were cooled in liquid nitrogen. 
The stability of the alloyed austenite in rela 
tion to the plastic deformation is determined 
chiefly by the martensite point and the 
temperature of deformation. The chemical 
composition of the steels, a- +d transformation 
and grain size also influence to some extent the 
stability of austenite 

Strain-hardening solutions sg plate problems 
N. Perrone and P. G. Hodge jun. (J. Appl. 
Mech., 1959 , 26, June, 276 284) Two sets of 
strain-harde ning flow laws are derived for 
circular plates and solutions are obtained for 
three different plate problems.—a.«. 

The importance of directionality in drawing 
quality sheet steel Kk. L. Whiteley (ASM pre 
print 174, 1959, pp.10) Difference in properties 
perpendicular and parallel to the plane of the 
sheet can be measured by the ratio of trans 
verse strains in a tensile test. A simple cup 
drawing operation is used to illustrate this. A 
theoretical analysis of the cup drawing opera 
tion is given. 

Fatigue testing RK. F. Griswold (SAE, 1959, 
67, June, 58-61) Tests by the Chrysler Corp 
on two experimental high-hardenability steels 
and the practical and statistical methods 


ABSTRACTS 127 


employed are described. 
tion testing is stressed. 

The influence of non-metallic inclusions on 
the fatigue properties of ultra-high-tensile 

Atkinson (JJSJ, 1960, 195, May, 64~- 
75) [This issue]. 

Fatigue fracture (Rev. Soudure, 1959, 15, 
2), 90-99) In this enquiry by Committee 
No.13 of l'Institut International de la Soudure, 
the nature and causes of fractures in the bulk- 
head horizontal stiffening plates of a tanker 
are investigated. 

A new method for the fatigue tests on steel 
wires and wire ropes and the new viewpoints 
opened by the results obtained D. G. Van de 
Moortel (Wire Wire Prod., 1959, 34, Oct., 
1317-1321) A machine is described, wire ropes 
(or strands in the case of some heavy ropes) 
are subjected during fatigue tests to most of 
the influences encountered in practice; it was 
found that, unlike tests on single wires, fatigue 
—— under various service conditions 
could be predicted. Results obtained and con- 
clusions drawn are discussed. 

The fatigue strength of screwed-in and 
fusion-welded bolts ©. Puchner and 8. Tesat 
(Zvaranie, 1959, 8, (7), 195-199) Fatigue tests 
in bending carried out on joints made with 
$ in. dia. fusion-welded and screwed-in bolte 
showed these to be superior to studded joints 
submitted to similar tests. The use of fusion- 
welded bolts is also economically more advan- 
tageous than the use of studs.—p.F. 

Effect of shot-peening on the fatigue 
strength of metals. I11. Effect on notched steels 
8. Takeuchi and T. Homma (Sci. Rep. Res. 
Inst. Téhoku Univ., 1959, 11, (2), 94-101) 
Rotary bending fatigue tests were carried out 
on grooved and notched specimens of heat- 
treated Si-Mn spring steels. It was shown that 
as indicated by increase in fatigue strength, 
shot-peening was more effective on notched 
than on polished surfaces. 

Symposium on basic mechanisms of fatigue 
Progress report on dislocation behaviour in 
lithium fluoride Caen during cyclic loading 
R. E. Keith — J.J. Gilman (ASTM, STP 
No.237, 1959 20). Fatigue crack formation 
in silver chloride P. J. E. Forsyth (21-35) 
Internal friction, plastic strain and fatigue in 
metals and semiconductors WW. I’. Mason (36 
51). Slipband formation and fatigue cracks 
under alternating stress M. K. Hempel (52-79) 
Illustrated with electron micrographs (58 refs). 

Cycle-dependent stress relaxation J. Morrow 
and G. M. Sinclair (83-109) Comprehensive 
tests on SAE 4340 are described and discussed 
and mechanisms are considered. Recent 
observations on fatigue fracture in metals 
W. A. Wood (110-121) Non-ferrous examples 
only 

Vacuum fatigue apparatus N. J. Wads 
worth (J. Sci. Inst., 1599, 36, June, 274-277) 
A device for annealing specimens in vacuo and 
then testing them in fatigue in any desired 
atmosphere up to 1000° is described. An 
electromagnetic drive is used producing bend 
ing at 100 c/s with optical monitoring of the 
movement and an automatic cut-out operating 
when a large crack forms 

Breakdown due to fatigue K. Winterton 
(Can. Min. Met. Bull., 1959, §2, May, 339-343) 
A general discussion of factors leading to 
fatigue failures is foll an account of 
some cases of fatigue failure in service investi 
gated by the Ontario Kesearch Foundation 

The hardening and embrittlement of mild 
steel by cyclic stressing at the fatigue limit 
J. Holden (Acta Met., 1959, 7, June, 380-388) 
Specimens of 0-09% inalloyed steel with 
various grain sizes were tested for yield-point 
at 20 and 196°C and for tensile stress at 

190°C, before and after prolonged 

stressing at the fatigue limit. Cyclic hardening 
and embrittle ment, also examined by notched 
impact tests, inadequately accounted for 
by ageing and precipitation processes in the 
yjlanes active in fatigue. It is thought that the 
ocalized slip observed in tensile tests after 
preparatory cyclic stressing is due to a limita 
tion of dislocation source distribution, rather 
than to structural softening due to movement 
of the initial mobile dislocations (20 refs). 

Effect of irradiation on hardness F. 58. 
Badger and G. A. Fritzlen (Metals for super 
sonic aircraft and missiles. Proc. Conf. Albu 


The value of produc 


wed by 


cyclic 


were 
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querque 1957 sponsored by ASM and Ur 


Mexice ‘SM Publication, 1958, pp.432; 
Appendix, 363-364) A table of 
Brinell values before and after 

iven 

The influence of capillary hysteresis on the 
flow of a liquid: the case of oscillations in a U- 
tube applied to molten metals Huctz-Aubert, 
J. Huetz, and R. Thir Publ. S Techn. 
’ Air, 1958, (347), pp.106) The work was done 
with Hg 

Furnaces for the study of tg porey , satan 
equilibria ©. W. Haworth ( om 
Viet., vai 1, April, 106-109 \ review oat 


classificatuc 


alloys 
irradiation is 


of laboratory furnaces 
Senegation and hot strength crearey 
H. Klemr Vetall, 1959, 13, Aug., 2-759 
rhe conditions of an ideal segregation are out- 
lined in relation to its effect on hot strength 
brought about by‘ lip inhibition. Influence of 
disor 118 @Xarmine 
respect t« trength prope es at high te 
ture. Examination of he rrain bo 
nfluence at elevate tem] 


the eneral view that a ¢ 


entation on ad with 
mnpera 
indary 
supports 
structure 


ratures 
arser 
posst f unproved creep propertie s, duc 


| to the 
lecrease in the total 


grain Doundary lengti 
The mechanical properties of certain aircraft 
Structural metals at very iow temperatures 
RK. L. MeGee, J. FE. Campbell, R. L. Carlson, 
and G. K. Manning (WADC Techn. Rep. 58 
Th 1STIA Document N 204422 PB 
51459, 1958, Nov., pp.57) Te and hard 
\ ‘ obtained on nine alloys 
to room temp. The 
included four steels 17-7PH and AM 
AISI 4340 and Trie 


impact tests on notche 


nstle 
our temp. from sf 
aftainie« 


for embrittlement 
On the tention of nitrogen as an alloying 
element in heat resisting material. lil. Hot 
cold work and bending — _— of " 
15 6 type ~~ M _Okam« inaka, 
ato, a izu etsu to Ha na, 3360, 


45, 
15SN 


1V. Metallographic study on 
nitrogen absorption of 20 Cr Fe o_o 
effect of — content) Mo. Okan 
O. Mivakaw ine, 614-621) All 


HOO ¢ 
nd re it ib treatment (101 
The effect of small niobium additions to 
semikilled, medium- carbon steels ( 


iS V 


Influence of small additions of titanium, 
molybdenum and tungsten on the mechanical 
properties of iron chromium nickel alloys 
E.S. |} , / 


] 
i S, 


Structural steste. 
1-56) Data 


} tal 
j 4 


| of The Iron and Steel Institute 


physical and mechanical properties, and 

thermal! treatment of these steels are 

marized. R.I 
Catalogue of irons and steels for research 

purposes (BISA, 4th edn 1959, April, 
139 
Stainless and heat- ie, steel develop- 

ments (Austr. M P) Eng., 

\ug., 45-46 With mefeouane & boiler practice 
Stainless steels to combat corrosion G. E 
towan (Can. Min. Met. Bull., 1959, 52, April, 
55-260) The composition and properties ot 

various type t stainless steel are described 


sum 


54 
195 . 


with reference to their resistance to corrosior 


and industrial applications. 

Properties of heat-resisting Cr-Mo-W-V 
steels KR. Pokorny (Hutn. Listy, 1959, 14, 
442-448) The new Cr-Mo-W-YV steel Skoda 
T 56° eontaining altogether 3 of 


! t 
ements, } 


alloying 
shown to be suitable for use in the 
manutacture of torgings of stear 
100 and 200 mW _ ecapacity, 
temperatures up to 570°C.——P. F. 
New stainless steels resist pitting, abrasion 

\ 


1959, 66, June 15, 210-212 


i turbines with 


Operating at 


Chem NG, 


aescripti 


n of properties of tt 
precipitatu ardening inless steels PH 
A, PH-—55B, an »-H- developed |} 

Cooper Alloy. 

Semi-stainiess, weldabie and high-strength 
structural wig in the _— States J. Pitaud 
(Rev. Nickel, ah sa Dee., 105-115) A 
detailed re 1e sg € of the types, chemical 
Cor posit 


ire¢ iS—S 


sand properties of low-all 
high strength structur: teels, with reference 
to American Standards and practice (18 ref 
Stainless electrotechnical Khi2Yu _ steel 
A. A. Nefedov and P. I. Borzova (Stal’, 1959, 
steel has 


UUs S, and 


, 835-837) The 


OsP 


O-O5 . , Nir 
s1, UV 


11 -0O-13-0 


} erties 
specially under 
eal conditions, was 
The preparation and properties of 14 os 17 
aluminium iron alloys WK. Foster 
Pavlovic 1) echn. Rep. 58-391; AST 
Document 155755; OTS 15 


May 


“Iron aluminium base alloys: cheap ae 
es of the future? 13. Kin: M 

Ida, and ty te ‘ en ae 
53 342 : ince to ation at hig 


Oxidation resistance dencndent upon siemiaiom 
content i}. |). Marande, V. F. Zackay, ar 
G.H ea 342) Ind ission, work on | 


hy on 17Cr 4Ni 4Cu type stainless steels. 

Effect of Ni, Cu and N on the properties of 
the cold-rolled steels Ml. Okamoto, R. Tanaka, 
ind A. Sato Nippon Kinzoku, 1958, =, 0 t 


yd »08 | ett th addec 


re 1. The resul e obtain 
with t ! i7Cr_4N $Cu-1-7N 
New treads in "the preparation of heat- 
resistant materials of the Fe W Si system 
ip for Metal Physies of the 

ics at the North West (Hirinsk 
/ Si . 1959, 15, (2), 
ri ut since 1956 
-sourc tor 

Very cl 


resuits 


May 1960 


contirmed the 
resistant 
metnods 
Structure and properties of austenitic alloys 
containing aluminium and silicon D. J 
Schmatz ISM preprint 160, 1959, pp.13 
earch for Fe—-Al-—Mn—( mpos 
ant to oxidation, austenitic and wi 
nparable to those of stainless steels 
( ig 1 compositions near 


possibility of preparing heat 


alloy in this systen powder 


has pro 
attainu 
hes juirements An \ with 8 
sO Mn, 1 Cc, und = =61-5°.S8i 1s 
Higher Al and 
ment. 
Research laboratories, Wingerworth BCR 
irchitect & Building News, 1959, Feb 7 
reprint, pp.7) A brief architectural descriptior 
Pilot plant studies. ‘New buildings for large 
scale experiments at the Swinden Laboratories 
Iron Steel, 1959, 32, May, 195-196) This new 


Iding f e Swinder oratories 


describe 


Mn contents show embrittle 


Liustrations 
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Non-destructive metallography using large- 
size replicas ( /’ Vét., 1959, 56, July, 10] 
110) The use of nitrocellulose replicas he 

n-d e optic 1 « 

lar 


iis 


g is discussed with exam} 
fluorescence me | in —- 
ard and G,. 
1, Jul Ai 
cd and th 
tt tnalvsi 
s 30 refs 
Advances in electron metallography. A tech- 
nique for easy removal of direct replicas for 
electron microscopy W. H. Bridges and I 
Long, jun. (ASTM, 1958, STP 245, 25-30 


t 


ates re "Benndestion of ‘entails by 
transmission electron microscopy I. W. ( 
velland k. Smitt $1-42) D cations ar 
} vn in foil Ott 

Application of electron microscopy. I: II. 
Morphology of a brittle structural Soenpenens in 
resistance- welded mild steel D. Hrivi 
Is1-190; from Huth. Listy, 1958, 13, (3 ink 
225-230, 236. from Hutn. 1 8, 13, (¢ 

An electron microscope Study of stainless 
steel deformed in fatigue and — nese 
P. B. Hirseh, P. G, Parts ; 


26, \ 
] 


The nonmetallic constituents of steel ©. 
i eared aN fag 


ipl 
Precipitation of nitrides - the structure of 
transformer steel J. Jezel \ ; 
Cihal JISM, 1960, 195, M y, 49 
Electrochemical conditions for the isolation 
of phases in metals one alloys W k r 
H. Sunderman Forsch. W 
Westfalen No.599, 
I tions tor the 


1958, py 





curves vary with the composition and heat 
treatment of the steels and depend on the 
specific characteristics of the electrolysis. A 
new apparatus is described which permits a 
uniform attack on the steel sample to be made 
The apparatus is made of plastics for use with 
fluorine-containing electrolytes. — 1.6. 
Determination of the origin of nonmetallic 
inclusions in steel by means of radioisotop *“Ca 
J. Cadec, T. Myslivec, M. Mandl, J. Vraek, and 
J. Fiala (Hutn. Listy, 1959, 14, (6), 478 484) 
Results of investigations carried out in 
Czechoslovakia showed that 12-19%, of the 
total non-metallic inclusions originated from 
the fireclay gating refractories, and that low 
results have been obtained in previous work 
due to the dissolution of radiocaleium during 
electrolytic isolation of the inclusions, 


The intercrystalline segregation ry bg swe in 
grey cast iron Ya. N. Malinochka ( Proiz 
1959, (1), 32-36) After a review 2 Tite rature, 
the results are given of experiments on the 
interervystalline segregation of Si in cast irons 
Examination of several castings showed that 
in iron with a ferrite-pearlitic matrix, ferrite is 
formed preferentially in the central parts of the 
eutectic colonies and along the coarse graphite 
lamellae, i.e. in those parts in which eutectic 
austenite crystallizes with a higher Si content 
This is confirmed by microscopy which shows 
spheroidization in the central locations and 
lamination in the peripheral locations. Further 
experiments show that the peculiar phenomena 
of the structure of the matrix of grey cast iron 
are conditioned by Si se yregation, and not by 
that of other elements such as Mn, P, and S 
Experimental heat treatments indicate that 
the Si concentration which inhibits the a 
transformation, is lower in the peripheral 
locations that at the lower in the 
areas of preferential formation of austenite 
during eutectic crystallization. There 
marked extension of the austenization tem- 
perature range from 30° to 140- 150°, Further 
experiments which were also carried out on the 
microhardness, 
mto 


core, Le. 


was also 


yraphitization of cast irons, 
isothermal] transformation of 
ferrite and graphite, also confirmed Si segrega 
tion. Since the nature of interervstalline segre 
gation in steel is in contrast to that which 
takes place in cast iron it is of importance to 
establish experimentally the transition bound 
ary from one type of segregation to the other 
Apparently in alloys of composition close to 
this boundary, segregation should be incon 
siderable or practically non-existent. These 
initial experiments show that this boundary is 
displaced with increasing Si content in the 
direction of alloys with a smaller C content 

The growth of temper carbon nodules | 
Burke (Acta Met., 1959, 7, April, 268 274) 
Equations are derived for eac h of the possible 
controlling mechanisms of the radial growth of 
graphite nodules (except where these are 
already known). The results are discussed, and 
it is concluded that, except early in the reac 
tion, the rate of solution of cementite deter 
mines the rate of graphite growth in the cases 
considered (17 refs) 

On the equilibrium segregation at a grain 
boundary J. W. Cahn, J. E. Hilliard, M. 
Inman, and H. R. Tipler (Acta. Met., 1959, 7, 
March, 219-221; 221-223) A letter. In refer 
ence to Inman and Tipler’s report (Acta Met., 
1958, 6, 73), where it is stated that appreciable 
P excess was found at the grain boundaries of 
a dilute Fe—P allov, the excess being attribu- 
ted to equilibrium segregation, the authors 
develop an argument to show that most (or all) 
of the excess P was present either in a precipi 
tate or a non-equilibrium segregate. In reply, 
Inman and Tipler conc'ude that a large part of 
the segregation P probably exists as a precipi- 
tate at the grain boundaries, and that it prob- 
ably arises because of the presence of other 
solute impurities in the iron 

The kinetics of cellular segregation reactions 
J. W. Cahn (Acta Met., 1959, 7, Jan., 18-28) A 
model is developed to describe cellular segrega 
tion processes on the assumption that lattice 
diffusion is negligible compared with grain 
boundary diffusion, that at least two control 
ling kinetic processes are required, and that the 
cell boundary moves with a velocity propor 
tional to the net free energy decrease. (15 refs). 


austenite 


Ternary carbides of the transition metals 
nickel, cobalt, iron, manganese with zinc and 
tin H. H. Stadelmaier and L. J. Huetter 

icta Met., 1959, a June, 415 419) Double 
carbides of the formula T,BC, having an 
ordered face-centred structure were 
found in the ternary systems Co -Sn-C, 
Fe-Sn—-C, Ni-Zn C, Co Zn-C, and Fe Zn-C, 
I being the transition metal. Together with the 
known compounds Mg.SnC and Mg.ZnC these 
belong to the group of carbides reported pre 
viously by the authors (2bid., 1958, 6, 367) 
(17 refs). 

On the crystal perfection of iron whiskers 
P. D. Gorsuch (J. Appl. Phys., 1959, 30, June, 
837-842) 

Lattice parameters of solid solutions of phos- 
phorus in iron B. Gale (Acta Met., 1959, T, 
June, 420 421) A letter. Lattice parameter 
measurements were made on a diffractometer 
using Co Ka, radiation, 
ing 0-2-5 at wt®,,P, from which it was shown 
that the P forms a substitutional solid solution 
Phe experiment and method of calculation of 
the results are described 

Experimental evidence of boundary migra- 
tion A. Ferro, ¢ Sari, and G. Venturello 

icta Met., 1959, 7, June, 429-430) A letter 
\ method of observing 
boundary 


eubie 


on specimens contain 


successive stages of 
displacement by oxide traces is 
based on observations made in a study of the 
oxidation of pure Fe and Fe-Si alloys at 
temperatures from 1000-1 300°C. It was found 
that each step of the displacement was marked 
by an oxide trace in electrolytically polished 
specimens. 

Direct observation of sub-structures in mar- 
tensite Z. Nishiyama and K. Shimizu (Acta 
Met., 1959, 7, June, 432-433) A letter The 
authors reported previously Nishivama, 
Symposium at 3rd Congress of the International 
of Crystallography, 1954; Nishiyama, 
Shimizu, and Sato, — Inst. Sci. Ind. Res 
Osaka Univ rs 1956, 13, , the appearance ot 
fine straight pectin a in the 
micrograph of the surface re lief of a martensitic 
Fe-30°,,Ni alloy, which was interpreted as sur 
face traces of the transformation shear. The 
present communication reports fine parallel 
fringes in the interior of the martensite plate 

A mechanism for secondary recrystallization 
in high-purity silicon iron J. L. Walter (Acta 
Met., 1959, 7, June, 424-426) A letter. Experi 
ments are described which identify the orienta 
tion-dependent selectivity mechanism for 
secondary recrystallization in high-purity Si 
iron, as a larger additional driving force for the 
oriented 
energy dependence on onmentation 

Tertiary recrystallisation of silicon iron J. 1. 
Walter and C. G. Dunn (Trans. Met. Soe. 
17 ME, 1959, 215, June, 465 471) High 
Si-Fe may recrystallize in cube 
longed heating may convert 
O01} texture 

Phase analysis of free-cutting steel U (‘hi-fon 

{eta Met. Sin., 1959, 4, March, 92-94 In 
Chinese 

Synthesis of the effects of copper in grey cast 
irons. Part 1. Theoretical considerations. 
Part tl. Experimental results A. de Sy, W 
Simeons, and J. Vidts (Fond. Belge, 1959, 29, 
April, 95-104) In the first part it is shown that 
Cu acts as a moderate graphitizer, and tends to 
ledeburitic carbides or prevent 
their formation; it is an austenite stabilizer, 
and refines pearlite structures. It hardens the 
ferrite phase. work confirmed 
previously re ported results, and showed that 
uniformity of hardness was increased in thick 
casting sections by increasing Cu additions 
Up to 3°,Cu additions were investigated (10 
refs). 

Stability of the poonte in titanium a? 
with iron and nickel N. V. Ageev and L. 
Petrova Zhurnal neorganiches kot hints 
1959, 4, (5), 1092-1099) It has been experi- 
mentally established that it is possible to plot 
the unstable phase diagrams of Ti-Fe and Ti 
Ni alloys by quenching from 700-1000°. The 
B-phase is stabilized by 5-6°,, by weight on 
iron content of Mg in thermal alloys and by 
5-7°,, by weight of iron in binary allovs, fron 
950 and 900° respectively. With a 7-11 of 
iron by weight the B-phase is obtained by 


Union 


electron 


cube grains derived from a surface 


purity 
texture Pro 
this to a (110) 


decompose 


Experimental 
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quenching from 800°. In Ti-Ni alloys the B- 
phase is obtained by quenching the alloy with 
a 6-98°, content by weight of Ni 

Crystallographic relations between austenite 
and a-phase of cold working in unstable stai 
less steels |’. Bastien and RK. Margerand (Génie 
Civil, 1959, 136, Sept. 1, 349-350) 
18-8 steel forms a-phase from austenite with a 
preterred orientation, 
for predicting this orientation 

The eutectoid transformation of austenite in 
forging iron K. P. Bunin, S Voitselenok, 
and S. A. Fedorova (lit. Prowze., 1959, (1 
43-44) Although the nature of this change has 
bee ti studied for 


Low-carbon 


An expression is given 


ductile cast irons, the eutec 
toid transformation in forging trons, not pre 
viously studied, is the subject of the research 
described; carried out on iron with contents 

of C 2-9, Si 0-88, Mn 0-36, and 8 0-09. These 
imetal 
on the 


experiments, which are mainly based o1 
] graphic study of the structures, show 
whole 
luring the transformation of casting irons. The 
need for detailed a transformation 
diagrams is shown M 

On the mechanism of the influence of alu- 
minium on the secondary austenite grain in 
steel 1). S. Kamentskava and IL. B. Piletskava 
(Problemy Metallovedeniya i Fiziki Metallov, 
(Moscow 1955). AEC -tr- 2924, 1957, 52-59) It 
is shown that Al dissolved in steel furthers the 
inception of secondary austenite centres and 
retards rate of oncluded that 
Al reduces boundary and surface 
increases energy ot 


similar phenomena to those occurring 


growth. It was « 
energy and 
activation during nuclei 
growth and inception. It is also supposed that 
Al retards carbon diffusion. Microstructural 
investigation of martensitic transformation 
©. P. Maksimova and A Nikonorova (69 
100) Studies on Mn, Ni, and Mn Ni steels and 
on C-free Fe-Ni-Mn alloy are reported, The 
martensites are characteristic of each and the 
processes are different. In the Ni steels 
new crystals form but in the Fe-Ni-Mn alloy 
the transformation is very sluggish and some 
ery stal growth also occurs in non deforn ed as 
well as in deformed austenite. Prior plastic 
leads to fragmentation of the 
owing to reduction in crystal 
Structures formed with and without 
deformation are their 
Phas and 
reverse martensite transformations is revealed 
by the ordinary etching 


creases reactivity 


cooling 


deformation 
martensite 
thickness 
prior different as are 
orientations hardening in direct 
processes as it in- 
chemical Superhardened 
areas are particularly reactive. Effect of de- 
formation on the rate of the isothermal mar- 
tensitic transformation in iron nickel mangan- 
ese alloy ©. P. Maksimova, A. I. Nikonorova, 
and G. K. Pogorelov (101-113) An alloy with 
22-7°,,Ni and 3-1°..Mn was used and a con 
siderable effect 


degree 


This increases with 
of reduction and also with the tempera 


was found 


ture of isothermal! transformation (the closer 
to Tm). The retarding effect on isothermal 
transformation of plastic deformation is great- 
est near the martensite point and the tempera 
ture range increases with degree of deformation. 
It is supposed that this retardation is due toa 

change in energy of nucleation as well as to the 
reduced size of the martensite crystals. Small 
deformations affect the rate of transformation 
only in the temperature 
branch of the 
affect the 
equation for rate as the constant 


range of the rising 
curve, but above 10°, they 
descending and the 
A changed by 
a whole order of magnitude but the activation 
energy is unchanged. Only the kinetics and 
structural form are affected by deformation. 
Changes in the fine structure of austenite and 
of the kinetics of the martensitic transforma- 
tion under the influence of plastic deformation 
©. P. Maksimova, A. 1. Nikonorova, and E. I 
Estrin (114-122) An alloy with 22-4°%Ni and 
3-4°,Mn was plastically deformed and heated 
to a high-temperature (400°—1 000° in steps) for 
l h, etched, examined, and cooled to 196°C 

Plastic deformation greatly increased austen 
ite stability and even quite small deformations 
could prevent the transformation completely 
on deep cooling. The stability is 
accompanied by a change in fine structure and 
X-ray (311) line 
Restoration of initial stability 
begins at 400° for 2-5%, 600° for 4-5%, and at 
850° for 10 deformation, and complete 


branch also 


increased 


as deformation increases the 
broadens 
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restoration of initial transforming ability on 
deep cooling occurs at 700°, 850°, and 1000°C 
respectively. Explanations in terms of block 
structure are offered, and similar findings are 
referred to. Effect of cooling conditions on the 
kinetics of the martensitic transformation 
). P. Maksimova and E, G. Ponyatovskii (123 
133) The transformation increases 
after deep supercooling of austenite in an alloy 
of Fe with 22:4°.Ni, 3-4°%Mn, and 0-04°C 
and thermomagnetic studies are reported. The 
increase was found to be greater with deeper 
and more rapid supercooling and was effective 
not only over the whole temperature range 
below T,, but also in raising the martensitic 
point (by as much as 20-30°C) for supercooling 
to 196 rhe final effeets were hardly 
changed, however, and thermal stresses of the 
second kind due to unequal crystal growth 
rates and increase in specific volume seem to be 
responsible. Fundamental kinetics are un- 
changed but temperature ranges shift. On the 
effect of hot plastic deformation on the kinetics 
of the martensitic transformation in high- 
nickel steels (). ’. Maksimova, A. 1 Nikonorova 


rate of the 


and G. K. Pogorelov (134-137) Steels were 
examined with 16-99%. Ni and = 0-51°, 
(50 N17), 15°,Ni and 0-80°,C (80 N15), 


24°2°,Ni and 0°55°,C 
and 0-76°,C (80 N22). 
induction, 
dia They 
100 


(50 N24), and 22°.Ni 
These were melted by 
and forged from rods of 8 mm 
were heated for forging at 1000 
finishing at 700-800°. Thermomag- 
studies made and the effect of 
hardening temperature on austenite behaviour 
on cooling to 196° directly after forging, or 
after [000° in a vacuum was ob- 
served, The martensite points were independent 


cast, 
netic 


were 


20 min at 


of the hardening temperature over the whole 
range for the 50N type but showed a fall for 
the 8ON types. The difference between an- 


nealed and unannealed specimens gradually 
diminished as hardening temperature in- 
Thus in the 50N type the effect of 
forging was eliminated in hardening from 900 
when the martensite point was practically that 
of the annealed steel. The 80N type behaved 
differently. The phenomenon of stabilization in 
the reverse-martensitic transformation Ya. M. 
Golovehiner and Yu. D. Tyapkin (141-147) 


creased 





Alloys N27 (Fe-27°%,Ni) and N27T (Fe-27% 
Ni-1-5°,Ti) were examined by X-ray and 
magnetic methods. The latter were compl 
cated because both a- and y-phases are ferro 


magnetic 
in a tube 


in this alloy. Specimens heated in air 
furnace behave differently from those 
heated in a Pb bath, the latter producing less 
stabilization. Thus N27T alloy in a lead bath 
on cooling to 196° gave a minimum of 
10°, y-phase while if heated in air and cooled, 
no y-phase appeared at all. In fact stabiliza 
tion is eliminated in a Pb bath in 1-30 see. and 
in air at the temperature it takes several 
hours. The causes of stabilization are dis- 
On the processes of carbide formation 
in isothermal decomposition of alloyed austen- 
ite Kt. Entin (156-164) Steels with W, Mo, 
V, and other carbide-forming elements were 
examined. It is concluded that in the pearlite 
range even the early stages of austenite de 
composition form special carbides and cement 
ite containing relatively more alloy than the 
average for the steel, but depending on compo 
sition. 


samme 


cussed 


Decomposition of austenite necessarily 
implies diffusional redistribution of alloying 
elements and the reduced note of this com. 
pared with that for carbon slows down the 
decomposition process. In the middle tem- 
perature range, metastable carbides form with 
the same composition as the steel and practic- 
ally no diffusion occurs. Effects of elements 
forming difficulty soluble carbides on the de- 
composition of austenite |.. |. Kogan and R. I 
Entin (165-178) Stable carbides are formed in 


alloys containing Ti, V, Zr, Nb, and Ta and 
these do not transform into austenite at 900 
1000°C and so actually increase its rate of 


decomposition, Alloying with 1:5-2-5°,Mn 
gives partial transition of these carbides into 
austenite at 900-1000° and, to a lesser extent, 
alloying with Cr or Cr-Mn. Decomposition of 
austenites gives carbides enriched in 
these elements in the pearlitic range and it is 
evident that diffusion must occur, and 
this explains the increase of austenite stability 
even in the middle temperature range. Phase 


these 


some 


analysis of alloys using the radioactive a 
method I. Z. Vintaikin, P. L. Gruzin, Yu. 

Klyachko, and A. P. Shotov (179-184) The 
theory of the process is developed and studies 
on chrome steels containing radioactive “Cr, 
melted, cast, and forged and then electro 
lytically separated are described. Specimens 
quenched from 1200° and annealed for 
10 min, 20 min, | h, and 3h at 500° or 600° and 
for 20 min, I h, 5 h, and 50h at 400 and 550°, 
for 10 min, 20 min, | h, 5 h, 25 h, and 50h at 
650° and for 10 and 20 min at 750°. Carbide 
phase separated and y-activity 
measured. The kinetics of carbide formation 
were determined and it was confirmed that in 
the initial stage of austenite decomposition the 
carbides contain Cr corresponding to the aver- 
age composition of the steel and that this 
increases as a linear function of log (annealing 
time). The rate of transition of Cr into carbide 
on annealing differs considerably from its rate 
of transition to cementite. The use of the 
method described is also recommended for the 
study of inclusions. Investigation of the distri- 
bution of chromium and tungsten during the 
decomposition of austenite, using the radio- 
active tracer method S. V. Tsivinskii, L. L. 
Kogan, and R. I. Entin (185-199) The fluctua- 
tion of the probable error of results obtained 


were 


was was 


from carbide analysis is rather wide. On the 
average it was ~15-16°, and the maximum 
relative error did not exceed 25° Some 


systematic error may occur in allowing for 
precipitate separated from hardened speci- 
mens. It was found that the decomposition of 
alloved austenite in the pearlite range is 
caused by the need for redistribution of the 
carbide-forming elements (Cr, W). During iso 
thermal decomposition, the relative content of 
these elements varies little and the effect of 
redistribution only becomes important after 
the austenite is decomposed. Decomposition in 
the intermediate temperature range occurs 
without appreciable redistribution but delay 
is caused in the pearlite range. For high-Cr 
steels the rate of the y -a change may be im- 
portant. Solubility limit of certain alloying 
admixtures in steel N.S. Fastov and B. N. 
Finkelshtein (200-204) Thermodynamic po- 
tentials are found for elements in various alloy 
steels and these can be used to determine 
amounts of fixed carbides and element solu- 
bilities. New type of preparation for electron- 
microscopical investigation - dispersed — 
tures of two-phase alloys \. tizol and L. 
Utevskii (205-210) A rephea technique giving 
a true surface cast with the electrolytically 
separated carbide and other particles attached 
to the plastie film is described. 

Kinetic features of upper and lower bainite 
formation in a plain carbon and a 3°.,Ni Cr 
steel J. S. White and W. 5S. Owen (J/7ST7, 1960, 
195, May, 79-82) [This issue]. 

Study of an austenitic matrix at room tem- 
perature and of its decomposition when tem- 
pered, carried out on the steel Z 180 C 13 A. 
Faure (Mét. Corr. Ind., 1959, 34, March, 12] 
136) The second part deals with the trans- 
formation of the austenite matrix on heating 
to various temperatures under conditions of 
slow, rapid, and ‘quasi-instantaneous’ heating. 
Dilatometric curves, Vickers hardness tests, 
and micrographs are reproduced, and the 
results are discussed. 

Effect of the austenizing temperature on 
martensite transformation in Fe-C-Ni and Fe 
C-Mn alloys below room temperature \\V. Cias 
(Prace Inst. Hut., 1959, (2), 55-69) As intro- 
duction, the author deals with research done 
to date in this field. Next examination of a 
casting and its hot working is considered as well 
as a method of investigating martensitic 
change. This is followed by the results of tests. 
The discussion of results with the 
characteristics of martensitic change at various 
stages and the effect of the austenitizing 
temperature. Finally a comparison of various 
alloys is given with summary and, conclusions. 

A general equation prescribing the extent of 
the austenite-martensite transformation in 
pure iron carbon alloys and plain carbon steels 
D. P. Koistinen and R. E. Marburger (Acta 
Met., 1959, 7, Jan., 59-60) A letter. By deter 
mining the extent of transformation by means 
of X-ray diffraction measurements of retained 
austenite after quenching to known tempera- 


deals 
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— 80°C, it is shown that the data 
satisfy the Ist degree equation. 
Vy=exp [—1-10x 10-2 (M,—Ta)) 

»>Te> sO°C”. 

Effect of prior carbide on austenite-marten- 
site transformation H. RK. Sen Gupta and 8. C. 
Das ( tupta (Trans. Indian Inat. Met., 1959, 12, 
June, 109-117) High-Cr were used 
Varied austenitizing treatment was applied to 
control the amount of carbide and the effect on 
the Ms-point and conditions below this were 
examined. Isothermal transformation was not 
materially affected but the stabilization effect 
was more pronounced in presence of earbide. 

Results of research relating to the constitu- 
tion of ternary systems of phosphorus-iron and 
sulphur iron K. Vogel (Met. Jtal., 1959, 51, 
May, 173-178) The ternary systems with Cr, 
Mn, Co, Sn, ete., are described with the aid of 
comparative diagrams. In the last two dia- 
grams it is possible to see miscibility in the 
liquid and solid state, and affinity ratios, 
bility of formation of compounds and _ the 
various sulphur and 
In addition 


tures down to 


steels 


poss! 
intluences exercised by 

phosphorus in equilibrium ratios. 
four of the more interesting systems are ex 
plained and illustrated in greater detail. 

The — zirconium iron tin L. bk. Tanner 
and D. Levinson (AS. preprint 166, 1959, 
pp-19) The Zr-rich corner is examined up to 
ZrFeg (55%)Fe) and Zr,Sn between 392 
2012°F. A ternary phase was found between 
78°,Fe and ~24-5°,Sn. Equilibria are dis- 
cussed. 


CORROSION 


Kinetics of corrosion in a gas stream J.T 
Waber (Vetals for supersonic aircraft and 


missiles. Proc. Conf Albuquerque 1957 apon 
sored by ASM and Univ. New Mexico ASM 
publication, 1958, pp.432; 96-169) A full dis 
cussion of kineties for numerous metals and 


alloys is given, and lattice defects and their 
effects and rate constants for 
are set out (69 refs). 

— * corrosion systems of metals 
in soil. 1. tron ° larcovié and M. Sevdic 
(Werks. Corr., se . 10, Sept., 547 The 
mechanism of the corrosion behaviour of iron 
in soil, either saturated or unsaturated with 
water is discussed, in relation to the effects of 
QO, concentration. The results of field tests ar¢ 
assessed. 

Evidence for a logarithmic oxidation process 
for stainless steel in aqueous systems M. Stern 
(J. Electrochem. Soc., 1959, 106, May, 376-381) 
The kinetics of oxidation of stainless steels 
resemble those of the anodic oxidation of 
metals yielding thin amorphous lavers, suggest 
ing a —— mechanism. 
ed by the 


various metals 


555) 


This view is support 
greement with equations giving the 


jon current throug h a thin oxide film.—a.c. 
Aetiography J. A. Ternisien (Génie Chim., 
1959, 82, Sept., 57-67) \etiography for 


ethiography) is defined as the 
destruction of solid 
mechanical or 
alloys are 


study of the 
rapid or slow, 
chemical means. Metals and 
included both monocrystalline and 
polycrystalline and macro- and micro-rheo 
logical variations producing fracture are con- 
sidered, 

Corrosion in mild steel used in a boiler: 
Part 11 N. Collari and P. Virdis (Calore, 1959, 
30, Jan., 3-8) This second part is a study of the 
condition of the steel in a corroded boiler. Its 
chemical composition, mechanical character 
and the results of tests 
normalizing are given. 

Contribution to the mechanism of anaerobic 
corrosion of metals in soil Horvath and 
M. Solti (Werks. Corr., 1959, 10, Oct., 624-630) 
Model electrochemical tests shown the 
existence of anodic in addition to cathodic 
depolarization, the mechanism and effects of 
which are investigated and reported 

Contact corresion between metals and non- 
metallic substances in the atmosphere and in 
some electrolytes IF’. Podbreznik (Werks. Korr., 

1959, 10, Aug., 495-498) Contact corrosion is 
di ‘fined, various cases are classified, 
dustrial instances discussed, 


bodies by 


istics, fatigue and 


have 


some in 
and examples of 
contact corrosion between metals and metals 
reviewed, including steel and wood, 
copper, and steel and glass (15 refs), 


steel and 
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Some points of view on corrosion by crude oil 
in refining plants l. W. Sherwood (Werks 
, 1959, 10, Sept., 541-544 


corrosion 


Corr A review of the 


damage caused by 


American re 


corrosion inn 
ms mto the 
a detailed 
chloride 
hydrolysis and measures used to combat this 
The corrosion characteristics owing to 
uranyl salt solution and the changes of mechan- 
ical properties of some austenitic stainless 
steels (. Shinoda, T. Sano, T. Kawasaki 
(Nippon Kinzoku, 1958, 22, Oet., 500-5038 
fests of mechanical properties and = stress 
orrosion show that steels containing Mo and 
Cu have a poor resistance to 
uranyl fluoride solution, ontaiming 
Nb resist deterioration of properties (11 refs 
The action of fused lithium, potassium and 
sodium hydroxides on nickel, copper and 
stainless steel io. I. Giurovich (Zhur. Prikl 
Khim., 1959, 32, (4), 817-822) Experiments 
have established that chemical activity 
follows the order K—Na-~-Li, i.e. the 


tineries and investigatic 
“d by 
caused by 


cost of such damage is follows 


account of corrosion 


corrosion by 


while those « 


corrosive 


activity of caustic potash is greater than that 
of LiIOH. The experiments have confirmed 
further that the radius of the cation of these 


salts is reflected in the degree of corrosion in 
the fused salts. 

Erosion resistance of certain materials in 
water jets V. G. Zelenskii (T'eploenergetih 


195y, (2), 62-69) The erosion of metals working 


in jets is due to electrochemical erosion occur- 
cing by the continuous tearing off and carrving 
away of the corrosion products from the metal 
surface. The value of the surface potential 
emf) depends on the velocity of the flow. With 


= velocities, the erosion with the 
saterials. A precipitation in the Cr—Ni alloys 
and the transition of the 
alloy elements into carbides (specially Cr) may 
reduce the of these metals 


External deposits and corrosion in boilers and 


varies 
of the excess phase 


erosion resistance 





gas turbines 13. A. Landry (Mech. Eng., 1959, 
81, June, 70-73) The mechanism of deposit 
formation, their compositions, and corrosive 


effects are considered. The formation of SO, 
und preventive measures are also included. 

On corrosion of metals at high temperatures 
by vanadium pentoxide. Mechanical character- 


istics and behaviour of iron aluminium titan- 





ium alloys A. Burdese and 8. Gallo (Met. Jtal., 
1959, §1, Feb., 65-74) This article studies the 
effect of progressively increased quantities of 


Al on the resistance of Fe to oxidation in ar 
atmosphere containing V,0, vapours. The 
characteristics of th alloys are compared 
with those of other materials in particular with 











‘Thermenol’. The latter is shown to be the best 
refractory alloy, although two important de 

fects limit its use: the likelihood of substantial 
coarsening of the grain at high temp. and poor 


workability at low temy Tests carried out 


with a view to reducing these defects are 
referred to. The addition of small quantities of 
ri and C, makes alloy production simpler and 
more economical, increases forging and 
mechanical qualities and produces a_ better 


result than Mo. Ti partly segregates as carbidk 
rhe resistance to V,O, remains much the san 
as that of the Fe—Al Mo slightly 
decreases the resistance 

Corrosion research in Great Britain and its 
— W. E. Ballard (7. S. Afr. Inst. Min 
Met., 1959, §9, July, 623-639) A lecture. 

A method of long time testing for corrosion 
in liquid media at high temperatures and pres- 
sures A. V. Ryabchenkov and VY. P. Sidoroy 
(Zavods. Lab., 1959, (2), 204-205) At the 
Central Scientific Experimental Institute of 
lrechnology and Machine Construction, an 
investigation was carried out into the tendency 
boiler steels to crack in a condens- 


series, but 


of austenitic 


ing medium (a solution of 3°,.NaOQH + 0-15‘ 
NaCl) at 330° and at ~130 atm. Results 
obtained for various steels are given. 


Compatability of a number of metals and 
alloys with graphite A. F. Gerds and M. W. 
Mallett (ASM preprint, 145 1959, Nov., pp.16 
Graphite was tested in contact with metals 
including stainless steels at 1850°F for 250 h 
and some at 1650 and 1850°F for 1000 h. Cu 
and Cr plating, and less effectively Ni, reduced 
diffusion into type 316 stainless. 

A constant-temperature corrosion probe 


Te Sea ae tans Ae 


R. W. Kear (J. Inst. Fuel, 1959, 32, June, 267 
273) A simple device for use in boiler systems 
rhe probe is liquid cooled and its 
dey elopment, construction des 
cribed, Other methods of corrosion im 
estigation are reviewed 

The performance of galvanized (1 oz/ft*) and 
aluminized (Armco Type 1) steel — in vari- 
ous Canadian atmospheres (fry. /., 1959, 42, 
June, 88-89) An abstract of reports on expo- 
sure tests In six locations. 

Rating heat transter surfaces for corrosion 
N. D. Groves and C. M. Ejisenbrown Vet. 
Prog., 1959, 75, May, 78-81) A method de 
veloped to determine corrosion by simulating 
heat transfer conditions is deseribed, in which 
the metal is kept to a temperature higher than 
that of the « solution. An application 
to a problem in heat exchanger design is given. 

Corrosion inhibition with sodium nitrite 
J. Beecher, C. Dinkel, and S. Corwin (J. Am. 
Water Works » 1959, 51, Sept., 1175 
1180) NaNO, will inhibit the corrosion of steel 
if in sufh@rent concentration and with suff 
ciently high pH of the cooling water ZnSO, 
and polyphosphate behave synergistically 

Chemical tames convenes in nitrogen gas 
generator (Stee/, 195%, 144, May 11, 146-147) 


Aqueous monoethanc ser dg used to remove 


is deseribed 
and use are 
loc al 


orrodinyg 


1 ssoc 


CO, in an imert gas generator may cause 
severe corrosion. Tests on the use of Na vana 
date to inhibit this corrosion are reported 


Surtace treatment for metals W. Kk. Meyer 
J. Met., 1959, 11, Sept., 634) A brief review of 
new corrosion tests for plated steel, duplex Cr 
plating, effect of plating on fatigue testing, 
and non-electrolytic Ni plating 

Inhibition of the hydrogen corrosion of iron 
by means of phenyithiourea H. Kaesch« 
(Werks, Corr., 1959, 10, Oct., 622-634) The 
vestigations of this inhibition 
yn is described. Inhibition under the con 
exclusively 

inhibitor 


quantitative in 
react 
was almost 
mol/litre of 
anodic at higher con 


investigated 
cathodic up to 10°% 
increasingly 
centrations 


ditions 


becoming 

Radioactive tracers in 9 research 

G. Erwall (Jernkonts , 1959, 143, (10), 
646 672) Several examples are given of the use 
of radioisotopes in studying 
protective 
examination of surtace 


inn 


corrosion prot 
These include 
properties, inhibitors 


lems and measures 
incipient corrosion, and corrosion and material 
transport in liquid metals (44 refs). 

An analytical procedure for testing the 
effectiveness of hydrogen sulphide corrosion in- 
hibiters D. W. en and J. KE. Boggs 
1959, 15, June, 303t \ new, 
dvnamic, weight-loss method is proposed as a 
test for H,S inhibitors 
The procedure, whi 
detail and the 


TTOSION, S06t) 


sereening corrosion 
h is simple, is deseribed in 
proposing this test 
are discussed. The application of the method 
to several types of inhibitor is illustrated 

A laboratory method for evaluating corro- 
sion inhibitors for secondary recovery |. i 
Newman (Corrosion, 1959, 15, June, 307t 
sLot \ new test method is presented for 
evaluating oil by 


reasons for 


inhibitors for wells producing 


water flooding. A large volume of water i 
recirculated over the test surface. The effect 
on the corrosion rate of varving dissolved 
»xvgen, H,S, and solids and of altering the pH 
have been examined. High concentrations of 
H.S may give less corrosion than low, but the 
attack is localized. More inhibitor is needed at 


highe r H,S levels to prevent ¢ Dis 
solved indirect effects due to 
lowered oxygen and inhibitor solubility. Varia 
tion of pH between 8 had little or no 
effect. An experimental inhibitor better thar 
the commercial ones has been found by this 
test. Its composition is not given 1.F.S 

& - corrosion inhibitor for steel (/ron 
Steel, 1959, 32, July—Aug., 384) A description 
of the properties of Arugol 11], a corrosion in 
hibitor for ferrous metals which acts by prefer 
ential adsorption on the metal surface, 
the reduced product Arugol 22 

Acetylenic corrosion inhibitors G. L. Foster, 
B. D. Oakes, and C Kucera (Jnd. Eng 
Chem., 1959, 61, July, 825-828) Tests on pro 
pargy! derivatives for protection of oil well 
casings during acidizing are reported. Chemical 
factors and mechanisms are discussed in the 
light of the types of compounds used. 


orrosion 


solids have 


5 and 


and of 
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_ How polar-type oils inhibit corrosion kk. \ 


owers and. { Cessna (/nd ony Chen 

1959, 61, July, 891-892) Measurements of th 
effect on potential and corrosion rate of in 
hibitor oils on steel wer made in a simple 
apparatus. A mechanism involving pas ation 
by O, dissolved in the oil is advanced 


Filming amines control corrosion in utility 
plant condensate system | | Galloway 
1959, 15, Aug., Technical Topics 
99-103) A Gin ing amine (an 


OTTOBiON, 


octadecylamune 


ierivative can etlect el prevent corrosiol 
due to CO, and ©, in certain parts of an elec 
tric utility plant condensate system and tur 
Dines. Corrosion rates of test preciner and 
other relevant data are ¢ t 

deneatnn inhibitors for suoveniion of water 
flood corrosion ©. ©. Wright (Corrosion, 1959, 
15, Jul Technical Topics, 97, 98, TIO) At 
apparatus is described for testing the effect 
ness of inhibitor Water from th mait 
tem 18 passed through two rrosion test cell 
the inhibitor being injected after the first e« 
Weight loss and re tar probe measure 
ments in the two cell ire compared, Good 
correlation with a held trial ha onl ot 


tained I.F.S 
Evaluation of organic corrosion inhibitors 
- os applications in petroleum ee 08 


B. Thompson, R. F. Stedman, C. Wank 

R. C. Henry (Corrosion, 1960, 98, Jur 
s2it 326t) A laborator test method has beer 
developed t imulate refinery corrosion for 
‘ tluating unbhibitor Qhl- and water lub 
inhibitors for steel at an acid pH ! i 


ited by the method which can also be used tor 
Admiralty metal inhibitors at alkaline pH and 
low oxygen concentrations. Corrosion probe 
instead of 
Examples of the ust of the method are cds 
cussed J.F.S 

An electrochemical study of inhibitors: I- 
Neutral solutions of NaC! |). (iherard: (Met 


coupons impr ed reproducibility 


Jtal., 1959, » Jan., 13-20 After a brief 
account of the electrochemical mechanism ol 
nhibitors and of the interpretation of the 
polarization curves the 1 ilts of a survey are 
given on the corrosion possibilities, polariza 


es and weight loss for a range 


tion cur 








rganic and inorgani nhibitors in neutra 
solutions of NaCl n/1l00. Of aniec ou 
hibitors the most effecti 


KNO, 
tetramine has shown appre¢ 
effect particularly for anode 


The influence of inhibitors on the corrosion 


whereas of the organi 





irifiitoitar 
polar zatior 


of iron H Grubitsch | and T. Sneek T'el 
Kemian, 1959, 16, Ay 15, 203-209, 212-214 
The influence of thi inhhileites hexmethylene 
tetramine and quinoline ethrodide ! ro 
rrosion in neutral and acid electrolyte vA 
investigated mn oxyyer depolarization cell 
eurrent-time and potential time curve ver 
derived for 10 h period It was shown that 
hexamine acts as al anod: inhibitor 
neutral solutions, and mainly as a cathodu 


acid solution, On the other hand 

inhibitor has hardly any effe 
1 acid solutions it 
In both cases the 


m a reduction in local 


inhibitor in 
the quinoline 
a neutral medium, but 
ery strong anodic inhibitor 
anodic action depends 
nt strength (16 refs 
Simultaneous action of organic inhibitors 
and cathodic polarization on the corrosion of 
iron L. I Antropo. J. Sev. Ind. Re 1959, 
18B, Aug., 314-319) The theory of the con 


curre 


bined process of protection is w rked out, and 
tests have been made with anionic, dipolar, 
and cationic type of inhibitor The com 
bined efficiencies ar greater than either 


separately 
Sodium salicylate as inhibitor of steel corro- 
sion in neutral media |). \. Bogatyreva and 


A. Balezin (Zhurn. Priklad. Khi 1959, 
32, (5), 1071-1076) Sodium sale int and 
benzoate inhibit corrosior I listilled and 
mains water. The minimum amounts have 
been determined for a few types of steel, 
between 20—-60° for the salicylate and betwee 


for the benzoat« 

Internal cathodic protection. 3. ©. Plurmpto: 
and C. Wilson (Corr. Prev. Control, 1959, 6, 
May, 53-58) The of the walls of a 
long pipe-line of circular cross-section is work 
ed out and numerical! values are indicated. 
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Design for corrosion resistance N. |). (iroves 
(Prod. Eng., 1959, 30, Design 
mid-Sept., 62.64) Types of and 
corrosion are briefly reviewed 


als select ion, 


Digest Issue, 
eures tor 
Jesides materi- 
factors in design such as ease of 
cleaning, stressing, crevices, and keeping fluid 
flows laminar are concerned 

New ways to combat corrosion Kk. J. Fabian 
(Mat. Des Eng., 1959, 50, Sept., 44-98) 
National Assoc. of Corros. Eng. abstracts of 
papers. Various plastics, refractories, Ti and 
Zr are reviewed. 

Corrosion prevention for marine equipment 
R. P. Devoluy (Jnd. Eng. Chem., 1959, 51, 
May, 79A S80A) Paint systems for barges are 
reviewed. 

Protection by metailisation and by electro- 
lysis of steel ships against corrosion by sea 
water M. H. Clark (Corr. Anti-Corr., 1959, 7, 
July-Aug., 294 297) Extensive tests on differ 
ent types of ships (USN, Pacific Tuna Fleet, 
Arabian American Oil Co., and President 
Lines, ete shown that metallization by 
Zn, followed by a tinish of polyvinyl paint, 1s 
effective. Initial cest appears high but is offset 
by reduced maintenance over several years’ 
A new method of Al treatment seems 
capable of extension, despite early difficulties 
of application, -s.H.-s 

Cathodic protection with zinc as active anode 
kk. Eberius and H. Bohnes (Metall., 1959, va, 
Aug., 743-746) The anodic and cathodic pro 
cesses taking place are discussed, and the influ. 


) have 


service 


ence of electrode surface conditions and other 
factors are examined in the light of model 
experiments on the Fe Zn system ina 3°,NaCl 
solution 

The use of zinc anodes for cathodic protection 
R. Souskeé (Corros 1959, J March, 
79-82) The underlying principle of cathodic 
protection using soluble anodes is outlined, 
and the use of Zn anodes for protection of 
metals immersed in soft buried is 


inticorros., 


water or 
discussed 

Cathodic protection of pipelines by means of 
impressed currents H. M. Powell and J. H 
Morgan (Corros. Anticorros., 1959, 7, Jan., 20 
26) Economie factors are worked out for the 
cathodic protection of a long steel pipeline, 
assumed to pass through a homogeneous soil in 
the neighbourhood of sources of electric cur 
rent. The pipe 
fied dimensions, and to be supplied with a pro 
tective coating of given electrical resistance 

Progress report on inhibiting the corrosion of 
steel in a reinforced concrete bridge Ik. F 
Stratfull (Corrosion, 1959, 15, June, 331t-334t) 
Attempts have been made to inhibit the corro 
sion of steel in a reinforced concrete bridge 
over sea-water. Control methods tried were 
cathodic protection, addition of capillary 
water to the concrete to produce oxygen 
starvation and application of paints to equal 
ize the moisture content within the concrete. 
rhe role of moisture and sea salts absorbed in 
the concrete in the corrosion is discussed. 

Cathodic protection of an active Navy tugboat 
with zinc anodes 42 months’ service test 
H. S. Prieser and B. H. Tytell (J. Am. Soc. 
Naval Eng., 1959, 71, May, 253-256 ). 

On the mechanism of retardation of corrosion 
by the application of external current and the 
concurrent discharge of zinc and hydrogen ions 
A. L. Levin and V. I. Falicheva (Zhurn. Fiz. 
Khim., 1959, 33, April, 930-935) A tracer study 
of cathodic Zn deposits in 2 N H,SO, with and 
without an external current source is des- 
cribed. Corrosion ceased when the protective’ 
potential was reached. Hydrogen evolution is 
then due to ion discharge and not to dissolution 
of metal deposited on the cathode. Mechan- 
isms are discussed. 

Economic questions arising in protection 
against corrosion F. Trojanek (Czech. Heavy 
Ind., 1959, July, 2-6) All the factors which 
should be considered in selecting anti-corrosive 
measures are surveyed. Conventional methods 
may not be the best. The costs of many surface 
finishing processes are compared and the im 
portance of the protective efficiency through 
out the required life of the coating is stressed. 

Current and potential relations for the 
cathodic protection of steel in a high-resistivity 
environment W. J. Schwerdtfeger (J. Res. 
NBS, 1959, 63, July—Sept., 37-45) A two- 
months exposure test in the laboratory of bare 


is also assumed to have speci- 


low-C steel in soil of resistivity ~20000 ohm 
em is deseribed. The best degree of protection 
was achieved with 0-77 V_ referred to a 
Hg,Cl, half-cell or —0-85 V to Cu CuSO, 

The ‘internal cathodic protection of large steel 
pipes carrying sea water J. H. Morgan (Corre 
sion, 1959, 1§, Aug., 417t-422t) The internal 
faces of large steel pipes carrying sea water 
can be protected by a combination of coatings 
and cathodic protection or by the latter alone 
The use of concentric and off-set cylindrical 
anodes, wall mounted anodes and central 
point-anodes is discussed both theoretically 
and in relation to laboratory tests and service 
trials that are reported. In the case of point 
anodes supplied with impressed current, the 
relationships between anode diameter, pipe 
diameter and anode separation are studied 
Coatings are of most value in reducing cathodic 
protection costs on the smaller pipe sizes 

Sacrificial corrosion and the relative corrodi- 
bility of metals (). Fitzverald-Lee (Corros. 
Techn., 1959, 6, Aug., 245 247) The nature of 
sacrificial corrosion is outlined, reference being 
made in this connexion to the electromotive 
and galvanic series A table of ‘inherent 
corrodibility’ of metals and alloys is 
reproduced. 

The permanent anode in impressed-current 
cathodic protection systems part 2 «. A 
Curtis (Corros. Techn., 1959, 6, Nov., 333-334, 
342-343) The properties, applications, and 
limitations of Pb, and platinized Pb and Ti are 
discussed, and = principles of 
cathodic protection 
anodes are discussed (34 refs 

Corrosion protection by means of copper 
intermediate layers from acid and cyanide 
electrolytes on steel H. W. Dettner (Metall- 
oberfldche, 1959, 13, July, 193-195) The com 
parative results of intermediate Cu lavers pro 
duced by different techniques on the corrosion 
resistant properties of electrically-deposited 
Cu-N1i-Cr coatings are examined. It was found 
that better protection was obtained from coat 
ings on steel sections when a cyanide electro 
lyte was used compared with the use of an acid 
electrolyte under otherwise identical con 
ditions. 

Protection against corrosion of pipes by 
means of coal tar coatings ©. Tiedge and © 
Mever (Met. y Electr., 1959, 23, Oct., 100-108) 
German practice in the protection of steel 
pipes 250-750 mm dia. for the supply of water 
and crude oil, including one installation 
100 km long by means of coal tar products is 
described and compared with AWWA experi 
ence, 

Air eet The prevention of corrosion in 
—_ Part I. L.. Walter (Corros. Techn., 1959, 
6, Nov., 327-3: 29) The properties of air in rela 
tion to imduateial ventilation, particular of 
storage space, are discussed. Heating, air 
conditioning, and the measurement of humidi 
ty are dealt with. 

Comparisons of Wagner's analysis of cathod- 
ic protection with operating data for ships J. H 
Greenblatt (Corrosion, 1959, 15, July, 339-t 
340t) Cathodic protection requirements found 
empirically on protected ships are compared 
with the requirements forecast by Wagner and 
are found to agree satisfactorily in certain 
ranges of the key parameters. Where disagree- 
ment is found the possible reasons are dis- 
cussed J.F.S. 

Corrosion protection features of the Hyperion 
Ocean outfall H. J. Keeling (Corrosion, 1959, 
15, July, 363t-368t) The design and installa 
tion of a 7-mile 22 in. steel pipe sewer outfall is 
described. The corrosion protection is designed 
to give 100 years’ life to the outfall, the outer 
end of which is in ocean water 340 ft deep. The 
interior is protected with a spun mortar lining 
with epoxy sleeves at welded joints The 
exterior has a multiple-laver, coal-tar, glass 
reinforced, wrap with bonded impregnated 
asbestos felt shield and enclosed in a reinforced 
cement mortar jacket to reduce buoyancy. The 
whole was protected by zine anodes during 
installation and permanently by an impressed 
eurrent cathodic protection scheme. Perman 
ent test leads are installed. A cast epoxy sleeve 
protects the actual outfall in the deep water. 

Corrosion fatigue: its prevention by zinc 
coatings G. ——— Lee (Corros. Techn., 
1959, 6, Nov., 330-332, 340-341) The nature of 


connexion in 


systems using galvanic 


S.H s. 
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is outlined, and the advan 
tages of Zn coatings compared with paint or 
other metals in inhibiting corrosion fatigue is 
shown. 


eorrosion fatigue 


ERRATUM 
JIST, Jan. 1960. 


Page 130, col. c, line 14 from the bottom. 
For ‘Co 700-90" read C 0-70-0-90° 





ANALYSIS 


Rationalisation in chemical analysis ('. \ 
Dozinel (Chim. Anal., 1959, 41, June, 240-245) 
Rationalization is shown by means of two 
examples, one classical (the titration of a 
strong acid) the other a modern colorimetric 
method for determining Mn in steels. Essential 
features to be considered are reproducibility of 
results, simplicity of operation, speed, and low 
Psychological and human aspects of 
rational analysis are discussed (43 refs). R.P. 

Analytical errors and the control of work 
organization in the chemical metallurgical 
laboratory S. Gregorezvk (Hutnik, 1959, (5), 
193-199) The author first considers possibilities 
of control of carried out in the 
laboratory of a steelworks. He goes on to con 
sider internal and 
errors and 


costs, 


analysis 
external causes for such 
problem of 
operation of the 


carries On to the 
personal selection and the 
control system. 

Ferrous metallurgical analysis B. Bayshawe 
(Analyst, 1959, 84, Aug., 475-504) A review of 
reagents and procedures and of the determina 
tion of Al, As, B, C, Cr, Co, Cu, H,, Pb, Mg, 
Mn, Mo, Ni, Nb, Ta, Ng, Og, 8, Sn, Ti, W, \ 
and Zr (188 refs). 

Symposium on solvent extraction in the 
analysis of metals (AS7./S7P No.238, 1959, 
pp.54) Introduction H. Freiser and G. H 
Morrison (1-4) A review of chelate systems 
Convergence of tie lines in ternary liquid sys- 
tems and its application to liquid extraction 
R. L. Pilloton (5-12) Systems of water, in 
organic acid, and organic solvent are studied 
and a tentative basis for prediction is suggest- 
ed. Metals analysis with thenoyltrifiuoro- 
acetone F. L.. Moore (13-26) A wide range of 
metal ions was studied and tracer methods 
were used. Metals of interest in nuclear energy 
were mostly employed but extractions of Fe 
and Nb are described (26 refs). The use of tri- 
otytobengtinn oxide in analytical chemistry 

C. White (27-35) Extractions of Cr, Fe, Zr, 
Mio, 7 , Bi, Th, Nb, Ta, Ti, and acids are con 
sidered and special Zr and Ti complexes are 
noted. 8-Hydroxyquinaldine extraction applied 
to the analysis of metals R. J. Hynek (36 42) 
Clearance of interfering ions from solutions for 
determination of Al and spectrophotometry of 
Pb are described. Use of organic solvents in 
flame-photometry J. A. Dean (43. 54) (39 refs). 

On the extraction of metallic carbamates 
from strongly acid solutions S. Gomiséek and 
H. Malissa (Rud.-Met. Zbornik, 1959, (1), 17 
19) [In Serbocroat} Conditions for the extrac 
tion from HCl, H Nt Yes HC )4, and CH,CC )OH 
been investigated. The most suitable 
indicated. At a pH of about |, 
carbamates of ferrous metals can be extracted 
with CH¢ l,. P.F. 

Analysing gases in steel E. Mang (Foundry, 
1959, 87, Oct., . 180, 181) Operation of the 
Serfass gas madd ser is described 

Hydrogen extraction apparatus: construction 
and operation J. 1). Walton (PB 140107, 1956, 
Dec., pp.18) The device is for the extraction of 
H, from steel 

Colorimetric apparatus for gas analysis. 11. 
Visual apparatus for determining oxygen in 
gases J. Waclawik and S. Waszak (Chemia 
inal., 1959, 4, (1/2), 343. 350) O, is determined 
by measuring the colour obtained when the red 
solution produced by reducing an alkaline 
solution of Na f-anthraquinonesulphonate 
with Zn amalgam is partly decolorized by 
oxidation. 00-01% to 0-10 vol.® O, can be 
determined, 

Determination of oxygen in gas mixtures Z. 
Zagorski (Chemia Anal., 1959, 4, (1/2), 361 
364) Semi-continuous determination of OQ, in 
mixed gases (from accumulators) was carried 


have 
methods are 

















































outin an apparatus using a dropping Hg elec 
trode and an Hy cathode, the electrodes being 
unmersed in 59 H,SO, 

Apparatus for the accurate determination of 
oxygen in a small sample of gas |. Muzyvezuk 

Anal., 1959, 4, (1/2), 365 373) A con 
stant volume (10 ml) is sampled in a 
pipette attached to a reaction cell scatadultes 
white phosphorus, attached in turn to a micro 
burette. The reaction of O, with P is measured 
by the amount of from the 
burette. 

Apparatus for the continuous conducto- 
metric determination of small amounts of Co in 
gases J. Waclawik (Chemia Anal., 1959, 4, 
(1-2), 337-341) CO is oxidized to CO, with 
1,0, and the change in electrical conductivity 
of NaOH solution after absorption of the CO, 
is measured 

The rapid identification of alloys and special 
steels (M/ét. Constr. Mécan., 1959, 91, Sept., 
647) By the use of suitable electrodes and one 


(Chemia 


of yas 


water drawn 


or two drops of a series of special reagents, it 
to classify qualitatively, or semi- 
quantitatively, various alloys or special steels, 
without destroying the Some 
operating data are given of the method known 
as the ‘Electro-Test’. 

Derivative thermoanalytical techniques. In- 
strumentation and applications to thermo- 
gravimetry and differential thermal analysis 
C. Campbell, 8S. Gordon, and ©. L. Smith 
(Anal. Chem., 1959, 31, July, 1188 1191) An 
electrical circuit continuously recording the 
derivative of the thermogram is described and 
its uses are shown. 

Symposium on instrumentation in atmos- 
pheric analysis. Light scattering instrumenta- 
tion for particle size distribution measurements 
(. T. O’Konski, M. D. Bitron, and W. I 
Higuchi (ASTM STP, No.250, 1959, 2 28) A 
flow system, photoelectric pick-up, and ei 
cuitry are described and results are given and 
discussed (48 refs). Filtration methods for 
evaluation of aerosol contaminants M. Katz 
and H. P. Sanderson (20-41) A review (31 refs) 
Relative merits of gas chromatography, colori- 
metry and spectrometry for air pollution 
studies L. H. Rogers (42-48) A comparison of 
five instruments for the study of smog. An 
atmospheric fluoride recorder M. 1). Thomas, 
G. A. St. John, and S. W. Chaikin (49-57) The 
recorder should be responsive to HF in the 
range 0:2—10 ppb in 10-20 min 

Selective liquid liquid extraction of iron 
with 2-thenoyltrifluoroacetone xylene FF. L. 
Moore, W. D. Fairman, J. G. Ganchoff, and 
J.G. Surak (Anal. Chem., 1959, 31, July, 1148 
1151) Ferric-ion is extracted from 10N nitrie 
acid, 

Determination of iron in three states of 
oxidation. Application to the complete analysis 
of sponge iron and the determination of 


Is possible 


specimens 


metallic iron in slags F. Marion and J. Aubry 
(Chim. Anal., 1959, 41, Oct., 401-407) Metallic 
iron is selectively attacked in the cold by 


ammonium argentothiocyanate solution and 
the oxides are then extracted with acid and 
titrated for Fe** and Fe 

Determination of sulphur in iron and steel 
‘. L. Luke (Anal. Chem., 1959, 31, Aug., 1393 
1394) A method in which the 1 g sample is 
dissolved in HCI-HNO, (4:1), 10 ml, with 2 
drops HF, reduced with H.COOH and distilled 
with HI+H,POg, titrating with iodate is des 
cribed. The method serves for 00-0005 0-05°,8. 

Determination of the hydrogen content of 
weld metal (Rivista Italiana della Saldatura, 
1958, 10, Nov.—Dec., 242-245) The results 
obtained in three different laboratories on the 
determination of diffusible and residual H, 
content in the weld metal are compared. On 
the basis of the results of these tests a standard 
procedure is recommended for the determina- 
tion of total H, in single run weld deposits 

Studies in metallurgical polarographic anal- 
ysis M. Spdlenka (Hutnicke Aktuality No,V1J. 
Statni Nakladatelstvi Technicke Literatury, 
Prague, 1956, pp.90) This is a continuation of 
an earlier book ‘Polarographic Methods in 
Metallurgy’ published two years earlier. The 
book is primarily divided into a general intro 
duction and analytical methods. In the 
general section, the advantages of the method 
are outlined and the isolation of interfering 
elements is reviewed. The polarographic 


ESE od a NEP 





HALO, 





behaviour of individual elements is not, in 
yeneral, mentioned exce pt where their waves 
have only estab 
lished. Reference should otherwise be made to 
the author’s earlier work. The newer subjects 
of interest are the polarographic reduetion of 
Nb, Ta, and Mg salts, polarographic separation 
of In and Cd, the use methods 
and ion exchangers, shake-out polarography, 
and new types of polaro Spe cial atten 
tion is devoted to oscillographic polarography 


recently been successfully 


of se paration 


graphs 


and the use of the polaroscope he second and 
by far the largest part of the book contains 
instructions for polarographic inalvsis in 


specific instances not mentioned in the author’s 


previous book. They comprise Na in siliceous 


materials and in Al oxide: Zn in steel; Ga in 
chimney deposits; li and Nb in pvrochlorite, 
ri-Nb products, and Nb,O,; Ti in els and 
Ni allovs: Sn in W concentrates and galwaniz 
ing baths; Cr in Permalloy; Mo in steel; W in 
rocks and ores: U in ores: chlorides in galvan 
izers skimmings, Zn dust, and Zr trolytes; 


Fe in ferro-v anadium 
Polarography of culntures: simultaneous de- 


termination of iron and nickel 8. |. P! iillips 
and KE. Morgan (Anal. Chen 1959, 31, Sept., 
1467. 1469) In supporting electrolytes con 
taining ammonia or pyridine and excess 5 
sulphosahevlic acid a precision of 2° is 


attained. 

Coulometric titration of manganese with 
electrogenerated vanadyl ion |). (). Davis 

fnal. Chem., 1959, 31, Sent., 1460 1463) Mn 
as permanhpyanate 1s titrated t« an ampero 
metrical end-point 

Separation of niobium and tantalum with 
phenylarsonic acid A. K. Majumdar and A. K. 
Mukherjee (Anal. Chim. Acta, 1959, 21, Oct., 
330 333) 

A method for the rapid determination of 
copper and lead in steels and irons J. Verhun 
Chim. Anal., 1959, 41, Aug., 332) After elimin 
ating iron, Cu is determined electrolytically at 
pH2. For the simultaneous assay of Cu and Pb 
these elements are precipitated 
by Na,S,0, then dissolved in 
electrolyzed A.G 

A new indicator for the complexometric 
determination of calcium |). Goldstein (Anal 
Chim. Acta., 1959, 21, Oct., 339-340) Glyoxal 
his-(2 rp ell is used for EDTA titra- 
tions 

Thiodiglycolic acid as a reagent for Zircon- 
ium 8S. B. Sant and B. R. Sant (Anal. Chim. 
icta, 1959, 21, Sept., 221223) Gravimetric 
determination by ignition to ZrO, is employed 

N-Phenylanthranilic acid as a redox indicator 
R. Belcher, D. I. Rees, and W. I Stephen 


as sulphides 


HNO, and 


(Chim. Anal., 1959, 41, Oct., 397-400) The 
indicator 1s suitable for dichromate and ceri 
metric titrations 

Determination of titanium and iron in 


titaniferous materials by cerate titrimetry J. © 
Page and A. B. Gainer (Anal. Chem., 1959, 31, 
Aug., 1399-1402) Ores are fused with KHSO,, 
extracted with H,SO,, reduced with Al foil or 
Zn amalgam in simple apparatus and deter- 
mined with Ce (SO,4), using methylene blue 
N-phenylanthranilic acid as internal 
indicators. 

Determination of nitrogen in carbon steel 

Penna (Bol. ABM, 1959, 1§, Julv, 449-458 
Iwo different methods of with 


reasons for selection, are discussed and com- 


and 


analysis, 


pared; also precautions necessary in preparing 
samples for analysis are described. Determina- 
tion of oxygen in steel (459 467) The system of 
sampling emploved, the 
and comparisons between different methods of 
analvsis are given S.H.-8 
Compleximetric determination of iron Tic! 

omirové-Siméatkové (Silikaty, 1959, 3, (3), 
269-278) [In Czech| The determination of iron 


method of execution, 


in star He is considered, Al and Ti being the 
principal accompanying elements PL} 

Some chelometric titrations of iron (II 
EK. Koéros and L. Bareza (Chen Inalyst., 1959, 


48, Sept., 69, 72 
described 
Chelometric titration of manganese in ferro- 
manganese KR. Pribil and M. Kopanica (Chem 
{nal 1959, 48, June, 35-36) EDTA with 


73) Methods using EDTA are 


thy molphthal xon as indicator 1+ used 
Chelometric titration of nickel 
pellets and nickel iron alloys °°. 


in nickel 
Pribil and 
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M. Ke panica (Chen 
66.68) EDTA is used 
masking agent 

The determination of molybdenum and 
tungsten: Xi: 4-Amino-4'-chiorodipheny! as 
precipitant Liang Shu-chuan and Wang Shun 
Jung (Sei. Sinica, 1959, 8, (9), 900-996; fron 
deta Chim. Sinica, 1958, 24, 1), 117-121 In 
English 

Direct estimation of niobium by N-benzoy!- 
N-phenylihydroxylamine \. K ag and 
\. K. Mukherjee inal. Chim. Acta., 1959, 21, 
Sept., 245. 247) The precipitate is dried at 110 
and weighed. It separates Nb 
other elements 

Rapid volumetric method for determining 
titanium in ferrotitanium |). Fk. Konstantin 
Zavods, Lab., 195%, (2), 134-136) 0-5 g pow 

red Fe—-T: is placed in a flask with inlet and 
outlet tubes for ¢ O,. When the air is displaced, 
50 ml H,SO, (1:4) is added with moderate 
heating with the gas current still on. The flask 

cooled to 20-25 and 10 mi of 20 NH,‘ NS 
added and titrated with tron anmiunonium alun 
Secause near the end of the titration the reac 
tion proceeds more slowly, the 
added after 0-5 1 min 

The determination of tungsten as tristri-7- 
butylammonium 12-tungstophosphate «©. 
Miller and I). H. Thow inalyst, 1959, 84, 
July, 440-446) Co, Cu, Mn, and Ni chlorides 
and Pb nitrate do not interfere 

Arsenic, copper and other trace elements in 
ore, pig iron, and steel A. Kose (Stahl Bisen, 
1959, 79, Oet. 15, 1495-1496) A short report of 
a symposium held in September 1958 wu 
Portoroz, Yugoslavia, and sponsored by the 
Metallurgical Institute of the 
Laibach and the Inatitut de 
St-Germain-er 
Max-Planck-Institut fiir 
Dusseldorf T.G 

The determination of As, Sb, and Cu in steels 
and iron ores 8S. Gomidéek (Bud. Met. Zbornik, 
1959, (1), 51-63) [In Serboeroat}) Polargraphi 
photometric 


inalyst, 1959, 48, Sept 


ind triethanolamine as 


from Ta and 


last drops are 


University of 
techerches de la 
Laye and the 


Kisenforschung at 


siderurgie in 


,and isotope methods were invest 
gated. The procedures are described and their 
utility is evaluated P.F 

The determination of boron in cues 
and alloy steels J. Borrowdale, KR. H. Jenkins, 
and ¢ I A. Shanahan (Analyst, 1959, 84, 
July, 426-433) B is separated as methyl borate 
and determined with curcumin. 

Tartrazine, a new selective reagent for 
zirconium (3. Baiuleseu and L. Tureu (Anal 
Chim. Acta, 1959, 21, July, 33-35 

Omega chrome bive green BL as analytical 
reagent for calcium and magnesium A. A. Abd 
el Kaheem and A. A. Moustafa (Anal. Chim 
Acta, 1959, 21, Oct., 379-382) The indicator is 
used in EDI A titrations and especially for Mg 
In presence of Al. 

The determination of tin in iron and alloy 
steels A. I. Williams (Analyst, 1959, 84, July, 
433-436) Neutron activation is used and the 
sensitivity is 100 that of the 
method, 

Determination of aluminium nitride, silicon 
nitride, vanadium nitride and chromium 
nitride in carbon and low-alloy steels | 
Wrzesinka (Chemia Anal., 1959, 4, (1/2), 417 
421) Beeghly’s method was applied 
fully to the determination of AIN in plain ¢ 
and two types of low-alloy steel. The effects of 
steel composition and heat treatment on the 
reactivity of other nitrides with acids and 
other reagents were also investigated 

Analysis of sulphuric anodizing solutions 
J.B. Mohler (Met. Fin., 1959, 57, Aug., 63-65) 
litrations using indicators or pH meter are 
described 

Spectrophotometric determination of iron as 
ferric acetate eg D. D. Perrin (Anal 
Chem., 1959, 31, July, 1181-1182) The opti 
mum range is 3 1200 ppm Fe** in l-cm cells 

Spectrophotometric determination of iron 
with quinolinic acid A. K. ee and 
S. P. Bag (Anal. Chim. Acta, 1959, 21, Oct 
324-330) A complex 
KCN is used 

The photometric determination of ferric iron 
by catechol A. N. Smith (Analyst, 1959, 84, 
Aug., 516) The method is suitable for soil 
extracta. 

Fiame-photometric determination of iron, 
copper and cobalt in cobalt mattes and con- 


chemical 


success 


formed in presence of 
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centrates N. MeN. 
84, Aug., 505-508 

Simultaneous spectrophotometric determina- 
tion of niobium and tungsten: applications to 
complex alloy and stainless steels 13. McDuffie, 
W. R. Bandi, and L. M. Melnick (Anal. Chem., 

1959, 31, Aug., 1311-1315) SnCl, reduction to 
ws and measurements on the CNS compounds 
is deseribed 

The direct reading spectrograph and its use 

.J. Fertal and M. k. Mador (Iron Steel Eng., 
1959, 36, Oct., 138 141) A description is given 
f the direct-reading instrument used by the 
Colorado Fuel and Iron Corp., the 
delivery system, and the method of reporting 
results 

Characteristics of a combination discharge 
and its applicability in spectrochemical analysis 
of metals H. b. Biber and 8. Levy (J. Opt. Soe. 

imer., 1959, 49, April, 349-355) A superposed 
low-voltage ac are and high-voltage condenser 
discharges is described. Low-alloy steel was 
analysed. 

A spectroscope for classifying steels ‘I’. Terek 
and Ya. (Zavods. Lab., 1959, (3), 
364-365) An optical spectroscope, constructed 
in Budapest is described. It gives a spectrum 
from 4000 to 7500°. 

Development of X-ray microanalysis at the 
A.E.1. research laboratory at Aldermaston, 
using the Castaing Guinier technique ‘. 
Mulvey (Rev Wét., 1959, 56, July, 163-171) 
The development, design, Operation, and 
examples of the use of the microanalyser at 
these dealt with. It is shown 
that analvsis of light elements such as C and O 
is possible, using a diffraction grating (22 refs) 

Experiences in direct-reading spectrographs 
in the iron- and steelmaking laboratory. 7th 
report 2. Holler (Arch. Bisenh., 1959, 30, Oct., 
589-593) Experience at Huttenwerk Ober 
in the use of a Quantometer and a 
Quantovac is reported. C was determined on 
the Quantometer in a separate operation in 
steel, but in the same process as P, Mn, and Si 
in the case of pig iron. 8th Report G. Graue and 
RK. Marotz (595-597; Discussion (7th and 8th 
reports), 597-598) Experience at the Ruhrort 
works of Pheonix-Rhetnrohr AG in the use of 
the 3 m polychromator and the fluorspar 
vacuum polychromator for the analysis of iron 
and steel is described. 

Steelometer of type St-7 used for rapid 
spectral analysis of steels and slags Ii. |. 
Babadzhan and L. D. Rozenshtraukh (Zavod. 
Lab., 1959, (2), 233-234) A description is given 
of a steelometer of type St-7 together with the 
yenerator IG-2 as used in a method evolved by 
I. M. Veselovskava (ibid., 1947, 13, (2), 219). 

On the effect of the state of the surtace of the 
specimen on the accuracy of spectral analysis 
S I Berger (Zavod, Lab., 1959, (2), 235) 
Surfaces of OKHN3M and carbon steels were 
prepared for with an 
emery wheel and by milling, approximately to 
thness. The ISP-28 spectrograph 

th a condenser F = 75 mm (slit 0-01 mm) was 
used. The was carried out by the 
method of 3 standards. The findings show that 
milled to a smoothness of VV6 give 
the best results and that the differences be- 
tween duplicate analyses are reduced and the 
vecuracy of the analysis is increased. Similarly 
the deviations from the chemical analysis 
values are also reduced 

Spectrophotometric determination of small 
amounts of niobium and tantalum in stainless 
steels Kk. Rosotte and E. Jaudon (Chim. Anal., 

1959, 41, June, 229-239) The authors describe 
the « ol wrimetric determination of small quanti- 
ties of Nb and Ta in stainless steels, 
sample. The Ta-pyrocatechol complex in con 
centrations of 0-12 yu g/ml is measured at a 
wavelength of 395 mp; the Nb-thiocyanate 
complex in concentrations of 0-2 pg/ml is 
measured at a wavelength of 385 mu. Studies 
of usual variables and interfering ions are des- 
eribed (14 refs).—R.P 

Fluorescent X-ray spectrographic probe 
design and applications J. W. Thatcher and 
W. J. Campbell (US Bur Vines Rep. Invest. 
5500, 1959, pp.23) A containing a 
curved-crystal described in 
which one element can be detected or scanning 
along a line for the distribution of the element 
can be carried out. 


Galloway (Analyst, 1959, 


sample 


Jarabash 


laboratories are 


hausen 


comparison purposes 
VV 6 of smo 


analysis 


surfaces 


using one 


set up 
goniometer is 


Measurement of the thickness of electrolytic 
deposits of copper and nickel on base metal 
free from these elements by emission spectro- 
graphy of solutions J. Boutet and G. Imbert 
(Chim. Anal., 1959, 41, Oct., 389-393) Chrom 
ium plate can also be examined 

Determination of iron, chromium and nickel 
by fluorescent X-ray analysis: aqueous solution 
method W. W. Houk and L. Silverman (Anal. 
Chem., 1959, 31, June, 1069-1072) The method 
is described as applied to the analysis of stain 
less steels. 

Application of radio-active isotopes to 
industry A. Gilardoni and A. Taccani (Vet 
Ital., 1959, §1, Aug., 353-358) A table is given 
showing the main radio-active 
in industry indicating their characteristics in 
relation to uses. The principal methods of 
detecting and measuring radiation are listed 
and the following typical uses are examined in 
detail. y-radiography, level control, continuous 
analysis of impurity content, counting of 
tracers, wear measurement, hydro 
logical research, and ionization dischargers. 

Possible use of radio-isotopes in metallurgy 
kk. Minardi (Met. Ital., 1959, $1, Aug., 363-3638) 
Examples are given which show the 
ance of the use of radio isotopes both in re 
search and in production control. 

Non-destructive testing with radioisotopes in 
foundry technique I). Schiebold and Becket 
(Giessereitechn., 1959, 5, June, 161-167) Par 
ticular reference is made to the use of y-radiat 
ing sources, and their application to non 
destructive testing of castings, both in produc 
tion runs and in development work is discussed 
with examples. 

Study of an analytical method for aluminous 
refractories. 1. On the decomposition method of 
the sample by alkaline fusion K. Suzuki and 
S. Nishida (Sumi. Met., 1959, 11, April, 137 
146) Aluminous refractories can be fused and 
decomposed four times faster than with the 
standard method by using 30°, borie acid in 
alkaline (mainly NaOH) fluxes. Eve 
fused refractories are completely decomposed 
in 10 min at 950°C (10 refs).—K.F.43 

Contribution to the determination of — in 
metallurgical slags K.-H. Obst and H. Malissa 
(Arch. Eisenh., 1959, 3. Oct., 601-603) p09 r 
content is determined in the method described 
at up to 1450°C; the water driven off is con 
verted to acetylene, which was burned and the 
evolved CO, absorbed in NaOH _ solution 
Examples given include the determination of 
water in apatites and slags; some of the interest 
of the determination is connected with the 
development of steam blowing. 

The use of perchioric acid for the determina- 
tion of silica in aluminium silicates 8. Mar 
zenko and A. Stepien (Chemia Analityczna, 
1959, 3, (2), 169-171) In order to compare and 
assess rapid methods of separation of siliceous 
ores, a determination was made of SiO, in a 
specimen of kaolin by means of HCl, HCIO,, 
and H,SO,. The use of HClO, must be con 
sidered better than the generally adopted 
method with HCl, especially on account of thy 
appreciable saving in time, and the mair 
advantage over H,SO, is the difference in 
temp. during the final stage of separation. 

The direct routine determination of lime in 
magnesite and similar materials H. \. Vhormp 
son (Trans. Brit. Ceram. Soc., 1959, 58, June, 
353-386) A rey study of 
methods is given, and an method is 
recommended. A flame photometric method 
was also found to be suitable. The recom 
mended methods are added as appendices, the 
flame photometric procedures by A. Maver 
(367-374), G. Padget (374-384), and R. C. 
Chirnside (384-385), and the use of the 
Unicam 8.P. 900 by H. Bennett (385). 

A rapid routine method for the micro-deter- 
mination of dissolved oxygen in water J. Bargh 
(Chem. Ind,, 1959, Oct. 17, 1307-1311) A 
special sampling vessel is described An 
amperometric method using iodate and 
n/500 Na, S,O, is recommended. 

A device for measuring the quantities and 
compositions of gases in molten metal or slag 
O. D. Zorin (Stal’, 1959, (9), 805-806) A device 
for actual immersion in the bath which samples 
the gases liberated during melting or solidifica- 
tion is described, This is much more accurate 
than the usual spoon sample. The device is of 
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pieces, 


import 
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ort of a co-operative 


EDTA 


Journal of The Iron and Steel Institute May 1960 


copper covered with fireclay, water-cooled, and 
delivering the gas through a water 
-ooled tube. 

Determination of magnesium in nodular cast 
iron using a chromatographic separation K. G. 
MeLaren (Anal. Chim. Acta, 1959, 21, Aug., 
165-169) a on cellulose columns 1s 
followe¢ i by {DTA titration. 

pte — by spectrograph ‘J K 
Hurwitz (Met. 15, May, 72- 75 
The design and ex: ama Je s of th 
driven specimen stage and phot 
for continuous analysis across se 


saniple of 


use of a mot 
graphic plate 
egated zones 
kxan pl s include the 
analysis of a pipe weld and steel backing 

A composite spectrophotometric method for 
determining molybdenum, vanadium and titan- 
ium in low-alloy steels M. Freegarde and B. 
Jones (Analyst, 1959, 84, June, 393-396) A 
slide-rule can be constructed to give the three 
percentages from the optical densities mea- 
sured on the solution pre pared by the method 
viven. 

An ultraviolet spectrophotometric method 
for the determination of —— amounts of 
vanadium in ores and steel |: Warren, J. F. 
Hazel, and W. M. MeNabb | 7 Chim. Acta, 
1959, 21, Sept., 224-226) Cr is re 
IoOn-exe hange or. 

The determination of nitrogen in anu by 
isotope canon H. G. Staley an J. Svee 
(Anal. Chi feta, 1959, 21, t., B4 295) 
Labelled ammonium sulphate is Steels 
and ferro-alloys are suitable for the method 


in polished specimens. 


moved with in 


oom 


INDUSTRIAL USES AND 
APPLICATIONS 


Recommendations for the choice and classi- 
fication of steels for welded structures (ier. 
Soudure, 1959, 15, 2), 8$2—86 The recom- 
to rolled products of mild 
or C-Mn steel, to be welded with normal pene 
tration coated electrodes 

Better steel greater gains A. Szczepanski 
(Prz. Techn., 1959, 80, (34), 11-13) The builde 
ing industry is one of the largest consumers of 
steel. The steel industry ently agreed 
with the building programme 
which gives a 40°, saving in steel. The author 
points to the savings resulting from the 
increase in the number of pri available. 
Frequently a constructor has to use a larger 
protile than necessary. In highly industrialized 
countries, steels of higher quality are used with 
considerable economic benefits. 

Developments in the uses of stainless steels 
Ik. Greiner (Acier Stahl Steel, 1959, 24, June 
263-271) Uses in building, road and rail trans 
port, boats, and various machines, 
packages are illustrated. 

Stainless steels and nickel-containing alloys 
in the chemical industry J. Hinde (./. Australian 
Inst. Met., 1959, 4, Aug., 103-113) A review of 
alloys, cladding, and plating for chemical plant 
(29 refs). 

At the Conférence Internationale des Arts 
Chimiques: the Special Steels Meeting (\/¢¢. 

1054, 91, July, 523-527, 529) 
Subjects discusse e were re late di to the general 
theme ‘Steel in the service of the atom’, and 
dealt with various aspects of the use of steel in 
nuclear plants, and under conditions of ele- 
vated temperature and pressure. 

Steel support in coal _~ K. Barall (Can. 
Vin. Met. Bull., 1959, §2, June, 395-400), 

Metallurgical developments in brake drums 

4. Crosby (S trans., 1959, 67, 441-448) 
Uses of malleable iron, graphite steel, and 
high-C grey iron are discussed. The properties 
and structures found in cast iron drums and 
data are given. Braking tests were 
included. Metallurgical and design considera- 
tions of cast-iron brake drums (;. P. Phillips 
(447-448) Studies are mentioned similar to 
those in the preceding article. 

Recent trends in research and the use of} 
super-strength structural steel. 11 ©. Asada and 
M. Yasuda ( Denki-Seiko, 1959, 30, March, 197 
208) [In Japanese (11 refs). K.B.d 

Stainless for condenser tubing (Jron Avge, 

1959, 183, June ll, 144) Stainless steel con 
yo nser tubes superior resistance to 
corrosion and erosion and are stronger than 
those of Admiralty brass. Lighter wall tubes 
can therefore be used and heat transfer figures 


mendations relate 
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industry on a 
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are less _ 10°, below that for normal 
tubing 

On 9° ¢r 1° Mo steel 
modern power boilers .! 
lr. Okamoto, 8. Terai, and H. Maruoka (Sumi 
Vetals, 1959, 11, April, 98 100) Tests 
made with tubes of nominal dia. 
Strength, ductility, er« 
tests gave satisfactory Oxidation 
showed that the steel could withstan: 
loo ¢ higher 


tubes for use in 
Omori, K. Takehara, 


were 
50-8 mm. 
ep rupture, ane 

results 


temp Sortie 
24°, Cr-1°%,Mo steel without severe oxidation. 
The tubes could be cold-bent factorily, 
and welded by are or inert-gas are methods. 
Investigation of 1Kh18N12T steel as a tube 
material tor power stations \. 8. Gel’man, T.S 
CGriboedova, E. \. Davidovskaya, B I 
Lazarev, K. V. Lyubavskii, Ek. 8S. Slepak, I. I 
Trunin, and G. P, Fedortsoy, itiko Vet 
lov. Obra. Met., 1958, (3), 16-24) IKhISNI2 
containing 0-08-0-12°,C, 17-18:5 t 
11-13°,Ni has optimum n 
ties when heated to 1050 


followed by 


than 


satis 


echar 
1100 
cooling air ir For 
joints of heating to 100 
nended with | h hold 
perature followed by air 
suitable for service betweet 
The role of tube thickness and thermal 
stresses in superheaters made ae ferritic and 
austenitic steels N. Salicr Vin 
1959, 15, July, 633-649 that 
increases in tube 1 cer 
tain amount actually deere 
superheater. The advantag 
are enumerated (11 refs). 
Selecting hydraulic tubing J. J 
Vachine Design, 1959, 31, May 14, 
and tolerances e gi 
led wall thick 


tubes, 


recom 


550 650 


1 th 
wall thie 


SIZES, Spec fications, 
with a table of re 
for SAE 1010 and 18-8 stainless and 
gram for rapid selection 

Summary of the SNT symposium on stainless 
steel brazed honeycomb structures Rt. ( 
MeMaster (Nondestr. Test., 1959, 17, Sep 
Oct., 263-269) Subjects dise in the 
held at 1959, 
armed service 


commer 


issed 
Chicago in July 

requirements for thes¢ 
quality control aspects, manufac 
turing problems, and non-destructive tests of 
the material. 

Stainless steel expansion joints for ~ 
(Aciers Fins. Spéc., 1959, July, 74-77) Vario 
types are reviewed. 

Steels for eg Aor injection-moulding of 
plastics (7ech. | 1959, 61, April, 206 


Properties of some 


Svinposium 
included 
structures, 


steels 
to hardness prope 

luding casehardening (carburizing and 
nitriding) steels are enumerated 

On the relationship between the structure 
and the sharpness of razor blades. V T. Kawa 
kita (Nippon Kinzoku, 1958, 22, Oct., 515-517 
Tapes of 1-21%C steel ncehed fron 
varying temp., tempered at 175°C and given 
cutting tests as blades. Quenching 
Aem had no effect, but 
higher the temp. the lower the durabilit 
Specimens of 13 Cr stainless steel lost their 
sharpness rapidly initially, but then 
good durability. 

Metals for structures exposed - aerodynamic 
heating W. H. Steurer (Metals for supers 
aircraft and missiles. Proc. Conf {lhuquerque, 
1957, sponsored by ASM and Unis eu 
Verico. ASM publi catic n, 1958, pp.432, 21-47 
Conditions expected in flight are 
considered and the properties of suitable 
metals, including a few 


Materials property 


re p resentative alloy 
with particular reference 


ties, ime 


were que 


from temp 


below above this, th 


showed 


supersonic 


steels, are gi 
requirements 


en 
test 
methods for aerodynamic applications L.. Luini 


48-95) Tests for room temp. 
earrving ability, 
stability, 


properties, load 

stability, structural 
and special service conditions are 
reviewed with spec ial reference to « reep and 
fatigue. Some steels are included. AISI and 
stainless steels for aerodynamic ——— 
J lr. Milek and B. L. Me nder 217-233 
lables and eurves showing the ah s of 
these materials are reproduced. Performance of 
materials at elevated temperatures for aircraft 
and missile applications A. V. Levy (Appendix 
IV, 369-399). Aircraft alloys for thermal 
flight up to 1200°F. Over-all statement of the 
problem A. H. Petersen (400-401). The metal- 
lurgical requirements L.. Schapiro (401-403 


surtace 


Material and processing requirements }. RK. 
Kostock (403-405). Steels for aircraft Kk. B 
Gunia (411-414). Tool and die steels “. A 
Roberts (414-419) 

Special steels for atomic energy J. A. Stafford 
Constr Vet., 1959, 11, July-Aug., 25-26) 
Steel for atomic reactors must contain the 
least possible quantity of Co in order to avoid 
radioactivity which 
dangerous during repairs or changing of parts. 
rhe steel should not be def 
sliding at operating stresses and at a tempera 
ture of s00°—500°. Ne 
should not reduce ductility even at operating 
pressure—it appears that steel offers 
advantages in this respect. The steel should 
also absorb only neutrons so as not to 
decrease the activity of the pile. 

Special steels for nuclear applications (1 sin¢ 

ouv., 1959, 15, Oct. 8, 23, 25) An account of a 
onference of the 5th Salon de la Chimie. An 
example of collaboration between the users and 
supplies of steel H. Vicaire (Monthly Edition, 
Oct. 11) A brief account of the requirements of 
steels for nuclear expecially for 

vith a note on the anticorrosive 
teels developed for the Lacq pipeline. The 
purity of special steels with regard to cost I. 
Perrin (11-12) An account is given of the stain 
less steels classitied as those 
degree of activ 
those with strong absorption 

Ferrous materials from the second United 
Nations International Conference on the peace- 
ful uses of atomic energy M. Hasegawa and 
G. Itoh (letsu to Hagane, 1959, 45, June, 
640-660) A covering a large no. of 
high-temp. special alloys.—-K.F.J. 

New alloys for thermistors ©. P. Elyutin 
(Stal’, 1959, (9), 845) An Fe, and a Ni 
d to and their properties aré 


induction of may be 


formed under slow 


sutron bombardment 


boron 


a tew 


reactors, 


marine use, 


showing a small 


ation on neutron irradiation and 


review 


steels anc 


a Co, 
alloy are referre 
indicated 

A study of the metallurgical properties that 
are necessary for satisfactory bearing perform- 
ance and the development of - ey bearing 
alloys for service up to 1000°F T. V. Philip, 
4. E. Nehrenberg, and G » (WA DO 
Rep., 57-343; Part I ASTIA Doe 
No, 203524; PB 151415, 1958, Oct., pp.56) 
Experiments are described in which a larg 
number of compositic re examined. From 

study of temper resistance, eight of these 
were further examined, and a steel of the fol- 
lowing composition w ymmmended for use 
as a bearing steel for use up to 1000°F 
1-09%C, 4-2%Cr, 1:9%V, 6°-7%W, 3°7%Mo, 
and 5-2°.Co. The recommended heat treat- 
ment is prescribed. Details of the series of 
experiments carried out are given 
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Industry and technology in the Derwent 
Valley of Durham and Northumberland in the 
eighteenth century M. W. Flinn (Trane. 

.. 1953-55, 29, 255-262) An 
account of early ironworks in Winlaton Mill, 
Swalwell, Blackhall Mill, Shotley Bridge, and 
smaller coneerns and of the beginnings of 
Consett. 

Making r in a Roman temple W. 8. Penn 
Brit. Steel, 1959, 25, June, 202-204) The dis 
covery of the remains of a blacksmith’s shop 
na Roman temple in Kent is discussed. 

Metallographic examination of Gallic sword 
blades of the second century A.D. ©. Panseri 
and M. Leoni (Met. Ital., 1959, §1, Jan., 5-12) 
The results of metallographic tests on a sword 
blade dating back to the IInd Century are 
compared with those carried out by other 
research workers on similar weapons of the 
same period. The comparison shows that the 
metallurgical technique of the Gallic tribes 
was very primitive compared with that of the 
Etruscans and Romans. 

The development of the wire-drawing 
industry N. K. Laman (Metallurg, 1959, (6), 
36-38) An historical review beginning with the 
iron industry in the IVth millenium B.C. 

The history of —— Forge R. F. Butler 
(Edgar Allen News, 1959, 38, May, 110-112; 
June, 135-137; Julv, 158-160; Aug., 182) I. 
The forge founded about 1200. The ac 
count is carried down to about 1800 with 
quotations from diaries. II. In another instal 
ment of the series, various letters are quoted 
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(1796-1837). ILI. A further instalment giving 
letters with comments for the period 
1843. Extracts from the 1848 Rules are giver 
LV. A final instalment and bibliography 
50 years of the Verein Deutscher Giesserei- 
fachieute P 1959, 46, 
Oct. 22, 613-896) Historical notes on the VDG 
(615-629) An account of the Society since its 
foundation in 1909, with portraits and iustes 
tions of premises etc. Half a century of foundry 
technique in Germany. |: Evolution of materials 
i: Cast iron A. Wittmoser (630-639) Thi 
equilibrium and other diagrams are given and 
lamellar and nodular graphite irons and their 
properties are discussed with some statisti 
2: Malleable cast iron K. Roesch (640 646) TI 
furnaces used are reviewed and structures and 
parts are shown. 3: Cast steel H.-L. Roes (646 
650) Uses are dealt with more especiall 6: 
Chill castings H. Goebel (665-676) Structure: 
are extensively discussed, 
of mill rolls. 7: MTG-resisting cast irons |! 
limmerbeil (676-678 stant tft 
mechanical and thermal and to cher 
ical attack are revie 8: Corrosion and sur- 
face protedtion A. Kéoniger (679 684) Corro 
mechanisms and protection by 
and resistant metals, | 
coatings are bret col 


1800 


Schneider (sJiessere 


also the pl luect 
rons re 
stresses 


wed 


plating 
active that 
enamels, and organic 
sidered. U1. Evolution of casting processes. 1: 
Cast ingots. a. Cast iron A. Rexroth (684-657 
A brief illustrated account. 3: Centrifugal cast- 
ing. a. cast iron I. Faber (711-714) A brief 
account illustrating aie vent. Bb: Steel Hi 
Stich (714-716) With diagrams of apparatus 
4: Continuous casting. a: cast iron and steel A 
Wittmoser (718-722) With a world list of 
installations. U4: Patternmaking F. Lanu 
(728-738). IV: Moulding and auxiliary materi- 
als. 1. Natural and synthetic moulding materi- 
als 1). Boenisch (738-748) A brief account with 
notes on testing methods. 2: Oils and similar 
binders W. W. Magers (748-750) Properti« 
the mixes are considered. 3: Synthetic resin 
binders H. Derlon (750-753) With illustration 
of large cores. V: Moulding and casting pro- 
cesses. 1: The cement sand moulding process 
K. Willenweber (753-754). 2: CO, process 
W Schumacher (754-760) With hardening 
diagrams and illustrations of plant. 3: Shell 
moulding and investment processes Mi. Lotter 
moser (760-764) Accounts of Croning, Shaw 
and other processes. 4: Precision casting } G 
Nickel (764-770 Main ly productior 
turbine parts. Vi: Melting and — furnaces. 
1: Cupolas H. Pacyna (770-7 concisé 
review of development since 1909 e: Rever- 
beratory and hearth furnaces W. Schumacher 
(780-783) Mainly on the Maerz OH furne 
3: Baby converters W. Schur 
An account of construction and working cor 
ditions. 4: Drum-type, crucible and holding 
furnaces E.. Bertram (786-789) Sections of the 
furnaces are shown. 5: Electric melting 
furnaces K. H. Brokmeier (789-796) A careful 
chronological account 6: Baking furnaces 
J. Kiipper (797-801) A review of the variou 
types including high-frequenc nduetior 
dryers. 7: Heat treatment furnaces I. J. Polk 
(801-804) Various types are described. VU: 
Foundry machines. 1: Moulding machines \\ 
Gesell (804-820) An illustrated account of 
German types. 2: Sand preparation machines 
W. Gesell and W. Riege (820-831) Germar 
installations are shown. 3: Fettling machines 
W. Gesell (831-836). 4: Foundry lay-out and 
transport facilities 1. Klingenstein (836 839 
Flow of materials is considered. Vil: Safety 
precautions and occupational yw 1: 
Accident prevention I). H. Ritter (839-841 
2: Dust abatement K. ©. S hmidt 841-845 
IX: Work study in the foundry I. Vogt (845 
847). XU: Testing of Materials H. Zeuner (86! 
872) A general review (27 refs). XIN: Specifica- 
tions and standards H. Hosse (872-877). XIV: 
Costing L. Remmeke (878-882). A half century 
of publications H. Schmidt (882-885). A half 
century of economic development. 1. Iron, 
steel and chill castings F. Waizmann (886-892 
Economics and statistics 

iron and steel metallurgy in the district of 
Leczyca (Central Poland) in the Xil and Xitl 
Centuries J. Piaskowski (Met. Ital., 1959, 51, 
June, 143-155) A deacription is given of the 
results of testa on a number of metal 
logical discoveries in the district of Leezyca 


acher (783-785 


archaeo 
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136 ABSTRACTS 


These show that the Polish ironmasters had a 
yood knowledge of iron and steel making pro 
Very often the metal, had been sub- 
jected to very complicated 
welding, heat treatrment, or case hardening 
The fact that tools of varying contents were 
used proves that they could distinguish be 
tween various types of steelmaking raw 
materials 

50 years of Walzwerk Hettstedt F. Bandel 
(Neue Hiitte, 1959, 4, Sept., 563-569) The post- 
war development, ferrous and non-ferrous, in 
this works is outlined with illustrations. 

tron and steel in India—_1: Origins—-Growth 

Development Pians (). RK. Bashforth (Brit. 
Steel, 1959, 25, July, 222-225) A review with 
some statistics and an account of the origin of 
the Tata Company. 

Steelmaking/U.8.A. L. F 
1959, 11, June, 403-406) 
article covers the last few 
work of the AIME. 

A note gy the introduction of steel in 
™ U.8. Navy T. 8. Burpo jun. (J. Am. Soc 

Naval Eng., 1959, 81, May, 299-300) A decision 
to build cruisers of steel in 1881 is recorded. 

Hand wrought chains W. K. V. Gale (Trans. 
Newcomen Soc., 1953-55, 29, 195-204) An 
account of the process as worked in the Dudley 
Old Hill-Cradley area 

The V.i. Lenin Works and metallurgical 
research L.. Jerniéek (Hutn. Listy, 1959, 14, 
(5), 369-391) On the occation of the 100th 
anniversary of the Works, previously known as 
the Skoda Works, a survey of the researches 
carried out there since its establishment is 
made. Papers and patents are listed.——P.F. 

The 80th anniversary of the Chusovsk Metal- 
lurgical Works A. N. Lekontsev (Metallurg 
1959, (9), 39-40) The article recounts the 
history of this plant, originally built in 1879 
by the Franco-Russian Ural Co. Ltd. 


CORRES. 


processes, ©€.2. 


Reinartz (J. Met., 
Historical. This 
decades and the 


ECONOMICS AND STATISTICS 


The functioning of the European coal and 
steel community in 1958 (Ann. Mines, 1959, 
Special No., pp.76+4+xii of supplement 
Statistical. 

Competition and co-operation within the iron 
and steel industry L. Svennilson (Jernkonts. 
inn., 1959, 143, (6), 297-307; discussion, 307 
334) These topics are discussed from the point 
of view of the Swedish iron and steel industry, 
compared with the position in other steel 
making countries, and in relation to probable 

developments in the European market. 

A review of steel in U.S.A. since 1934 ( Blast 
Fur. Steel Plant, 1959, 47, Nov., 1186) Three 
charts are reproduced showing steel produc 
tion and capacity, annual and cumulative 
capital expenditure, and financial 
statistics for each year from 1934 to 1959. 

Let us save steel S. P’rzegalinski (Prz. Techn., 
1959, 80, (32), 9-11) In view of the shortage in 
Poland of certain alloying elements, (Co, Ni, 
Mo, and V) used in alloy steels, the author 
suggests research into the use of more econom 
The problem of saving Ni is the most 
important. The author advances 
made in this field outside Poland, and results 
obtained in Poland to date. Corrosion-resistant 
steel, which normally contain up to 10%,Ni can 
often be replaced by alloy steels free from Ni. 

The iron industry on the 15th anniversary of 
National Poland A. Palmrich (Hutnik, 1959, 
26, (7-8), 261-262) The article discusses the 


some 


ic metals 


describes 


importance of this industry as an indication of 


the resilience of the economics of the country 
In the next seven years the iron and steel 
industry is faced with the task of producing 
7000000 t of steel more than were produced in 
the last 14. 

The 4th Session of the Permanent Com- 
mission of the Council for economic mutual aid 
for ferrous metallurgy, steelproducers’ section 
M. A. Pertsev and D. A. Smolvarenko (Metal- 
lurg, 1959, (5), 28-29) A report on the confer 
ence held at Henningsdorf (East Germany) in 
Jan. 1959 with delegates from Bulgaria, 
Hungary, East Germany, Poland, Rumania, 
USSR, and Czechoslovakia. Programmes were 
presented outlining the development of the 
steel industry between 1959-65 to increase 
production of special alloy steels to satisfy the 
needs of the machine programme for the 
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chemical industry. Statistics were given among 
which; Bulgaria is to increase from 211000 to 
855000 t (All figures in thousand tons), 
Hungary from 1-628 to 2-160, East Germany 
from 3:477 to 5-900; Poland from 5-630 to 
9-000, Czechoslovakia from 5-510 to. 10-000 
Rumania will produce 2-500 in 1965 

fron and steel in the world of tomorrow F. 
Baade 1959, 46, Nov. 19, 927-931) 
The effects of increase of population over the 
next 40 years on increasing the demand for 
iron and steel, and the possibilities of meeting 
this demand with the supplies of material and 
energy available, and with improved tech 
niques, are examined, 

The revaluation and assessment of deteriora- 
tion in the iron and steel industry’s capital 
goods A. A. Andreev (Stal’, 1959, (10), 950 
952) A discussion of depreciation and cost of 
replacement under Russian conditions. Com 
mittees should be set up to go into the ques 
tion. Practice at various works is outlined. 

Growth of ferrous metaliurgy in China A. b 
Rozentreter (Metallurg, 1959, (10), 32-36) 
This article gives figures for the first five-year 
plan (1952-1957). China has at present over 
600 separate iron ore deposits, the most im- 
portant being in the north east, in the lower 
and middle Yangtse, in Inner Mongolia, on 
Hainan Island, and in the provinces of Kansu, 
Ching Hai, Szechwan, Shantung, and Fukien 
The following items are listed for the main 
steel works: Anshan——rail mill, tube mull, six 
automatic blast-furnaces, two sheet mills, four 
section mills, ten OH furnaces, ten coke-oven 
batteries, ore beneficiation and sinter plant, 
two refractory plants. Production at Anshan 
is nearly 4000000 tons, four times as great as 
it was in 1952 


(Gresserei, 


Details are given of production 
from the 2000-4 per day blast-furnace at 
Wuhan. These works were completed in 1959. 
At the third steel base at Paotow in Mongolia, 
there are planned four blast-furnaces, each of 
1513 m3 capacity, OH shops containing 250-t 
and 500-t furnaces, several rolling mills, coke 
oven plant, refractories plant, ore treatment, 
and sinter plants, etc. The article gives details 
of other large and medium Chinese steelplants, 
including figures for blast-furnace coefticient. 
It is a useful supplement to the comparatively 
few articles on Chinese iron and steel produce 
tion though not as up-to-date as some. — R.S. 

Stock control (2/SRA Summary, 143 1959, 
Sept., pp.3) A summary of a report showing 
the savings achieved on the adoption of a stock 
control system 


MISCELLANEOUS 


Vanadium in industry M. Schofield (Min. 
Vag., 1959, 100, June, 329-331) Partly his- 
torical. Methods of extraction are reviewed. 

Production of tungsten carbony! by the inter- 
action of iron pentacarbony! with tungsten 
hexachioride A. N. Nesmeyanov, K. N. 
Anisimov, and E. P. Mijheev B. L. Volkov and 
Z. P. \ alueva (Zh urnal neore ganicheskoi khimir, 
1959, 4, (2), 249 252) Experiments have shown 
that by reacting WC, with Fe(CO), in an ether 
medium in an autoclave, up to 75% of W(CO), 
may be obtained calculated from the equation: 
WCl, + 3Fe(CO),- -W(CO), + 3FeCl, + 9CO. By 
using also hydrogen under pressure the vield 
may be increased to 81-85% thus: WC 
2Fe(CO), + H, - W(CO), + 2FeCl, + 2HCI + 
4CO. 

Fertilizers and chemical products derived 
from prime by-products of iron smelting L. 
Lopez Pardo (Min. y Met., 1959, 19, Feb., 169 
176) The increase in production of by-products 
is described in detail, into a graph of the 
development of the benzene market 1938-1961 
Tables cov ering estimated costs of production 
and values of by-products; and a final sum 
mary, with possibilities of future expansion 
are given.--S.H.-S8 

Thermodynamics of the conversion of mag- 
nesium and manganese oxides to sulphides 
E. W. Dewing and F. D. Richardson (J7SI, 
1960, 195, May, 55-57) [This issue}. 

Metal ceramic catalysts based on oxides of 
iron I. V. Nicoleseu, M. Spinzi, A. Suceveanu 
(Génie Chim., 1959, 82, Aug., 33.42) The mode 
of preparation of a metal ceramic catalyst is 
described together with its physical and mech 
anical properties. A comparative study indi- 
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cates the superiority of such a catalyst for 
ammonia synthesis A.G. 

Characteristics of red sludges and ways for 
their full utilization \‘. Ya. Miller and A. 
Ivanov (Trudy Inst. Metallurgii, 1959, 
257-262) These sludges, wastes from alumina 
production, are very complex materials and 
methods are described which utilize them for 
the production of iron, alumina, and cement, 
for example for phosphorus-containing cast 
iron, phosphate slags, ete. 

On the magnetic property of iron telluride 
I. Tsubokawa and S. Chiba (7. Phys. Soc. 
Jap., 1959, 14, Aug., 1120-1121). 

The magnetic susceptibility of iron ditelluride 
1 (Proc. Phys. Soc., 1959, 74, July 1, 65-74) 
J. P. Llewellyn and T. Smith. 1. D. M 
Finlayson, J. P. Llewellyn, and T. Smith 
75-80) 

How can theory help the contro! engineer 
H. Kaltenecker (*Gas und Wasserfach., 1959, 
100, July 3, 681-687) An attempt is made to 
translate the concepts and equations of theo- 
retical control processes into practical and 
descriptive terms. The transfer function, fre 
quency response, and stability are considered 
in this way and the practical application of 
these concepts, statistical methods, and the 
use of the analogue computer are outlined. 

Television in industry F. D. Grimmer (Vet. 
Treatment, 1959, 26, June, 243-245) Steel 
works uses are noted. 

Meteorites in the light of modern metallurgy 
K. S. B. Rose (J. Boham Met. Soc., 1959, a, 
June, 37-56) The formation of the pte | 
structures is discussed and conclusions as to 
eonditions of origin are suggested. Problems 
not yet solved are pointed out. 

Television in industry. Increasing application 
in steelworks F. D. Grimmer (Iron Coal Trades 
Rev., 1959, 179, Aug. 21, 93-95) Use on a pre 
heating furnace and on the shuttle car of a 
rolling mill are mentioned. Nuclear energy 
uses are also noted. 

Automation in the Polish metallurgical 
industry Z. Warezewski (Hutnik, 1959, (4), 
151-154) General remarks on the automation 
and mechanization of industry, and the rea 
sons and objects for progressin this field. The 
economic aspect of the problem. Automation 
and the difficulties of introducing it in the 
Polish steel industry. The unstable working 
conditions of Polish steelworks. The avail 
ability of metering and control apparatus 
Personnel training. The prospect of automa 
tion in the next Five Year plan in blast- and 
steel-furnaces, rolling mills. Operation with 
steam and gas. 

Conference on computers in the iron and 
steel industry (BJSRA Operational Research 
Dept. Publication ; Conference held 1958, April 
15, pp.61.) Introduction S. Beer (5-7). Experi- 
once in using a computer for payroll J. S. Pugh 
(8-15). A simulation of meiting shop soem 
by means of a computer R. Neate and W. J 
Dacey (16-31). Monte Carlo method was used, 
the data being in the form of frequency 
distributions and queueing theory being con 
sidered inadequate. The analysis of the prob 
lem, program, and data are discussed and an 
example of a program is given. The use of a 
computer in a rolling mill office R. G. Massey 
(32-43) Work by BISRA is described. The 
system and the flow-pattern of the information 
are set out diagrammatically. Training for 
computers D. G. Owen (44-51). Demonstration 
of the BISRA ‘Pegasus’ computer (52-59) 
Glossary of digital computer terms (60 61). 

The accidents in the German iron and steel 
industry during 1958 H. Antoni (Stahl Hisen, 
1959, 79, Oct. 15, 1491-1495) About 340000 
people are employed in the German iron and 
steel industry. During 1958 48000 accidents 
occurred in the works, a further 5000 occurred 
on the way to or from the works. One hundred 
fatal accidents were sustained in the works and 
40 on the way there. The total number of 
accidents increased slightly over the total of the 
previous year, this included fatal accidents on 
the way, whereas the number of fatal accidents 
in the works themselv es is ste vadily decreasing 

Safety and h 
industry: Basic er shops (PACT, 
13, Aug., 287-290) Refractories and 
handling processes are discussed. 
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furnace pre 


If pressure is low you use heat inefficiently. 


Cooling draughts of air are drawn through cracks 


and inspection holes he combustion chamber 


Usable heat is for up the flue to waste 


Fuel consumptio1 


+} 


If pressure is high you burn fuel wastefully. 
As the pressure increases inside the chambe1 
does the rate at which fuel is burned 
Flames damage th hamber’s inner lining 
ind penetrate deeply into the brickwork 


Frequent and costly repairs are necessary 


The Honeywell Furnace Pressure Controller 
continuously adjusts the position of the damper 
to maintain a correct, fuel-saving, pressure. 

WRITE NOW FOR BULLETIN 7404 
full informati« 

Typical Applications Pressure Control 

Honeywell Contro 

Greenford, Middle 

Lancashire Boilers Branch off 


Reheating Furnaces 


EXHIBITION Tunnel Kilns United Kingdo 
Water Tube Boiler 
Heat Treatment Furnaces 
Stress Relieving Furnace 


weer Honeywell 


Aluminium Meltin 7 Furnace 


INCE 1865 
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DEVELOPED 
AND TESTED 


REFRACTORIES 


Tor tne 


Pearson refractories have a great name 
for quality and reliability throughout 
the industry. Standard brick sizes are 
immediately available in a wide range of 
materials — special types of shapes are 
made to order. Send for full technical 
information and prices 
Fireclay 
High Alumina 
Sillimanite 
Silicon 
Carbide Bricks 
and special shapes 
insulating Bricks 
and Concrete 
Plastic Jointing 
and Protective 
Cements 
Refractory Concrete 


and Ramming 
Compounds 





= 
~ 
rr 
7 
ec 
r 
Pree 
w 
2 
ze 
= 
WB 
~ 
S 
= 
= 
re 
S 
=< 
ge 
z 


* Recuperators and Air Heaters for all types of furnaces 


* Hot Blast temperatures up to 800°C 


E. J. & J. PEARSON LTD. 


FIREBRICK WORKS, STOURBRIDGE, WORCS 
Telephone: Brierley Hil! 7720 


FUEL & METALLURGICAL PROCESSES LTD., 21 st. james RoAD, DUDLEY, WORCS. Phone: Dudley 54649 & 53751 
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Staffordshire Landscapes 


Almost in the shadow of the new power station, tactory chimneys 
and church spires point skywards side by side—silhouetted sym- 
bols of material and spiritual welfare. 

The children who sometimes play in the foreground have much 
for which to thank the early Iron founders, whose skill and 
industry brought to the Black Country prosperity, and a progres- 
sive outlook; creating, as the years went by, new industries and 


cleaner power, better homes and safer playgrounds. 


Progress in Staffordshire, bringing almost every major improve- 
ment in the technique of iron-founding since 17 is apparent 


in the landscape of the County as well as in its products. 

For almost a century and a half Pig Iron has been manufactured at 
Darlaston Iron Works. Today, the most modern methods of metallure 
enables them te 


“Gal control Of raw materials and lhe fini shed product 
/ 


’ 


Supp ) Pi EL on of consistent uniformity to the most exacti ng Specification. 





Bradley SPANAae FOR QUALITY CONTROLLED 
LIMITED REFINED PIG TRON 


DARLASTON STAFFORDSHIRE 
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UNIVERSAL HOUSE 
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PORT ENDS 


MAE ry 4 FOR OPEN HEARTH 


All Siggy FURNACES 


he : 4 " 
eh s "tq? 


HAG AP AR 


/ 


Priest Furnaces Ltd. 


Sole representatives in Britain for MAERZ open hearth furnaces 


PRIEST FURNACES LIMITED : LONGLANDS : MIDDLESBROUGH 


also at KELHAM ISLAND WKS., SHEFFIELD 3 





May, 1950 





BROWN BAYLEY 
STEELS LIMITED 
SHEFFIELD BAYLEYS 
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PURE FUSED SILICA 


VITREOSIL 
DIPPING TUBES 


Casting temperatures are critical! 
Vitreosil, pure fused silica, sheaths 
used in the Quick Immersion 
Thermocouple Technique have 
obviated erratic judgement of 
casting temperatures in modern 
steelworks and foundries all over 
the world. A single dip into 
We also manufacture an extensive the molten metal gives the true 
range of Vitreosil Laboratory Ware temperature in seconds 
. No more reject castings through 

too hot or too cold tapping if you 
turn to Vitreosil for accurate, 


up-to-date control 


THE THERMAL SYNDICATE LTD. 


P.O. BOX No. 6, WALLSEND, NORTHUMBERLAND. Tel. Wallsend 62-3242/3 
LONDON: 9, BERKELEY STREET, W.1. Tel. Hyde Park 1711/2 


Sole Distributors for the United Kingdom 
THE AMALGAMS CO. LTD., TINSLEY PARK ROAD. SHEFFIELD, 9 
LAND PYROMETERS LTD., QUEEN’S ROAD. SHEFFIELD. 2 
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FOR 
HIGH DUTY 
AND 
MALLEABLE 
CASTINGS 





The seven standard grades of Stanton Dale Refined Pig Iron 





GRADES: A B . D E F G 





SILICON®,, 1-4-1-6  0-9-1:1 | 2:25-2:5  0:9-1:1  1:4-1-6  1-9-2:°1 





SULPHUR®,, 0:07 0-08 0-05 0-08 0:07 0-06 





PHOSPHORUS”, 0-6-0:7 0-6-0:7 0-4-0-5 0-25 0-25 0-25 





MANGANESE”, 0-8-1:5 0-8-1:5 0-8-1:5 0-8-1-5 0-8-1:5 0-8-1:5 
TOTAL CARBON”, 9-7-3-0 








2-8-3-1 


In addition to the above other grades of Dale Refined Iron can be 
supplied to meet more exacting demands which call for alloy additions 
and special processing. 


THE STANTON IRONWORKS COMPANY LIMITED NEAR NOTTINGHAM 
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CRAVEN BROS. 


CRANE DIVISION LTD. 


MANUFACTURERS 
OF ALL TYPES OF 
STEELWORKS CRANES 
AND HEAVY DUTY 
INDUSTRIAL CRANES 


CRAVEN BROS. CRANE DIVISION LTD. 
LOUGHBOROUGH ~—_ ENGLAND 


TELEPHONE LOUGHBOROUGH 2130 
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IRON & STEEL COMPANY LIMITED, 


east moors, GARDIFF. 


TELEPHONE : CARDIFF 3315! 








JOURNAL OF THE IRON AND STEEL INSTITUTE 





A BUSY TECHNICAL MAN 
can stillkeep UP-TO-DATE §| 


Too much to read and too little time? The answer lies 
THE NICKEL BULLETIN, proved friend of many 
past thirty-odd years. Vhis invaluable monthly journal co 
in abstract form, new research, new processes, new 
materials in everv industrial field. Its contents 
are drawn from learned societies’ and official 
public ations and the technical press il] 
over the world. Full details of original 


source are given 


Save time by readi 


THE NICKEL BULLETIN 


Please 
THE NICKEL BULLETIN 
NAMI 


ADDRESS 


THE MOND NICKEL COMPANY LIMITED 


Sy 


THAMES HOUSI MILI BANK LOND 





STEPHENS’ 


Super Grade Low Alumina 


Silica Brick 


FINE SILICA CEMENT FOR 
SETTING SILICA BRICK 


< 


STIGNIC CEMENT FOR BASIC 
“STEEL LADLES 


KILN CAPACITY OVER " 
It MILLION BRICKS SPECIAL FIRE CEMENTS for all 


Fe wnicanean 
. 
STEPHENS’ SPECIAL ELECTRIC 
FURNACE ROOF BRICKS 


< REGENN BRICK without doubt the best 
Brick for Soaking Pits, Checkers, and 
Regenerator Chamber Walls 


Stephens SILICA BRICK CO.,LTD. 
KIDWELLY 


Telegrams :—STEPHENS, KIDWELLY Codes:—ABC 4th & 5th Editions 
Liebers & Marconi 
Telephone:—KIDWELLY No. 1 
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automatic 


control 


for 
hot reversing 


mills 


“ENGLISH ELECTRIC’ automatic programming equipment 
gives the operator the equivalent of another pair of hands. 
After preselection of the rolling pro- 
gramme, using either Punch Card or 
Uniselector systems, the operation of 
the screwdowns, manipulators and mill 
speed is fully automatic. It also has the 
following advantages: 
Relieves the strain on the operator. 
Increases production. 
Improves the quality of the finished product. 
Reduces the maintenance costs 


Manual control is instantly available 
to the operator at all times. 


Dalzell Mill, Colvilles Ltd. ... the first in 


Britain to operate on automatic control, 


ENGLISH ELECTRIC 


Mh ‘“ eS 


THE ENGLISH ELECTRIC Company LIMITED, MARCONI HOUSE, STRAND, LONDON, W.C.?2 


Metal Industries Division, Stafford 


RUGBY BRAD E R I 
MT.S! 


May, 1960 








GRIFFIN BRAND 


STEEL SHEETS 


* Light and Heavy industry are served 
by GRIFFIN BRAND Steel Sheets 
Black, Galvanised, Flat and Corrugated. 








* We make the widest Steel Sheets and 
have the largest general Galvanizing 
Plant in Great Britain. 





ke Metal Spraying by the most up-to-date 
methods done in our works or ‘in situ’’. 





Metals deposited include: Zinc, Tin, 
Aluminium, Copper, and all its alloys, 
Cadmium, Monel Metal. etc. 





mith and McLean Lid. 


179 WEST GEORGE STREET, 


GLASGOW, C.2 
Tel.: CENtral 0442 'Grams: CIVILITY, Glasgow 
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Accurate 
temperature control 


The measurement and control of high 
temperatures 1s of fundamental importance 
in the manufacture of high quality steels, 
and platinum and platinum-rhodium alloy 
thermocouples have become the accepted method 
of exercising such control at all stages in the 
making of fine steels. 
The manufacture of precious metal thermo- 
couples demands raw materials of the highest purity together with strict 
Scientific control at every stage of processing and testing. Thermocouples 
manufactured by the Baker Platinum Division of Engelhard Industries Ltd., 
have been proved to be of the highest possible quality, conforming in every 
respect to the relevant requirements of B.S.1826:1952 and B.S.1041:1943. 
Continued research by Engelhard Industries in the field of high temperature 
pyrometry has resulted in two recent developments 


THE INTEGRAL-SHEATH THERMOCOULPLE, which has a diameter 
in the order of & in. and combines compactness, flexibility and resistance 
to thermal shock to an extent unattainable with conventional sheathed 
assemblies. 


‘FIBRO’. THERMOELEMENT PLATINUM, which maintains high 
strength and ductility after long periods at high temperatures whilst retaining 
all the thermoelectric attributes of normal thermoelement quality platinum 





‘8 Snaps 


— 
i; 


1 view of the electric soaking pits at the 
works of The Consett Iron Company, 
which are controlled by means of 95 
platinum—5 rhodium versus 80 
platinum— 20°, rhodium thermocouples 


BAKER 
PRECIOUS METAL 
Thermocouples 





CEANGELHARD SIN DOU STRESS, L472.) BAKER PLATINUM DIVISION 





52 HIGH HOLBORN LONDON WC! 


May, 1950 


Telephone: CHAncer) 





VACUUM NOTES--METALLURGY NO. 2 





Speedivac arc melting furnaces provide every facility for high purity 


melting by both non-consumable and consumable electrode techniques 
Using the latter method ingots up to 9 in. long and 1} in. in diameter 
an be produced under high vacuum conditions. With a non-consumable 
electrode and using purified argon at 180 mm. Hg pressure 


specimen 
buttons « 


* high purity may be prepared and temperatures up to 4,000 (¢ 
are attainable. This technique can also be adopted for finger type 
ingots cast in a horizontal plane 

Larger furnaces for pilot plant work are available tor the production of 


consumable electrode vacuum melted ingots up to 6 in. in diameter 


EDWARDS HIGH VACUUM LTD - manor rovat - crawtey - sussex 


ENGLAND - Crawley 1500 





Just published! 


From simplicity 


of the basie process ZONE REFINING 


to the ingenious AND 


elaborations hg ALLIED TECHNIQUES | 


techniques 
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N. L. Parr, M.1.Mech.E., F.1.M. 


With a Foreword by 

E. J. Vaughan, M.Sc., 

A.R.C.8., D.1.C., F.1.M., Phe book has been written with two aims: (1) 
F.R.1.C., Director of ; 

Materials Research, Po survey a technique which is of expanding 


Admiraity interest to research and industry generally and (2) 


lo provide practical information on some of the 
recent advances in laboratory methods and equip- 


ment. With 24 half-tone plates and 112 diagrams. 


MMOs. CONTENTS 


Preface. Introduction. Solidification 
Process. Molten Zone Refining. 
Practical Considerations. Choice 
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bi-polar magnets are part 

opm Melciaelelswa-helicmeye 

electric magnets made by 
The General Electric Co. Ltd. 
Please ask for Technical 


Descriptions Nos. 315 & 379. 


Witton-Kramer lifting magnets 


THE GENERAL ELECTRIC COMPANY LIMITED 
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checkers supplied by 
THE BURN FIRECLAY 
CO. LTD., for the most 
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in leading Iron and 
Steel Works. 
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No. 4 blast furnace at Port Kembla 
designed, manufactured & erected for 
Australian Iron & Steel Limited 
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MOISTURE 


. Model 3000-8 Remote Set Three-term Air- 
operated Force-balance Process Controller. 


CON ‘ ROL . Model 3090-12 Indicating Control Station. 


. Model 3000-16 Pneumatic Force-balance 
Temperature Transmitter. 


In the continual search for new methods of 
improving blast furnace performance, control 
of the quantity of moisture in the blast has 
oX=1-1n Mn cele i ale Mm Com a-t-10]) ama mmsanvole) dal-1 ame) ol-1e-ldlela 
Vale Mm alte Lal-lammole} cole) am Aalit-) amr Litem olgehalellale mmr. 
means of rapidly influencing furnace condi- 
tions. In collaboration with customers’ engin- 
eers Electroflo have developed a system of 
automatic control which will maintain the 
AakelRc}aUla-Mexe)al (=a) @elm cal-mere) (om eli-l-ya-la-merelar-jc- an 
value. This system is based on wet and dry 
bulb measurements on a sample taken con- 
tinuously from the cold blast main. The 
moisture addition is strictly in accordance 
with the rate of blowing and is easily varied to 
suit changes in operating conditions. The 
system employs Electroflo Series 3000 auto- 
matic temperature controllers and transmitters 
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